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Budd METALFILM Strain Gages 


Five minutes less all takes apply and 
ready use standard MetalFilm strain 
gages. You save minutes mounting 
time per gage...completely eliminate the 
24-hour delay for setting required other 
gages. And MetalFilm gages give you excep- 


tional accuracy and conformability for your 
most critical high uniformity 
for automatic matching transducer work. 
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for operating temperatures from —300 
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SOCIETY FOR EXPERIMENTAL STRESS ANALYSIS 
Bridge Square, Westport, Connecticut 


SESA PUBLICATIONS 


PROCEEDINGS THE SOCIETY FOR EXPERIMENTAL STRESS ANALYSIS 


The PROCEEDINGS are series bound volumes comprised 
the technical papers presented National Meetings. These 
contain the results and descriptions analytical and experi- 
mental investigations, well techniques for the measure- 


Volume No. 
Volume IV, No. 
Volume IV, No. 
Volume No. 


Volume No. 
Volume No. 
Volume No. 


CUMULATIVE INDEX—PROCEEDINGS 


Thirty-four books the PROCEEDINGS have been published 
date. This Index has been prepared serve easy 
reference any one the 546 papers which have been pub- 
lished the first thirty books. consist$ three parts: (1) 


HANDBOOK EXPERIMENTAL STRESS ANALYSIS 
This book opens with thorough presentation mechanical 
properties. presents practical, usable information on: 
mechanical, electrical and optical gages, brittle coatings, 


ment mechanical strain. Published twice annually, they 
include up-to-date information various phases instru. 
mentation. Currently available: 


Volume No. (limited) 
Volume No. (limited) 
Volume XV, No. 


Volume XVI, No. 
Volume XVII, No. 
Volume XVII, No. 


chronological index, (2) author index, (3) topical index. 
represents ‘‘master reference all PROCEEDINGS 
published, from Vol. No. through Vol. XV, No. 


photoelasticity, X-rays, service fractures, analogies, vibration 
measurements, theory elasticity and precision measure- 
ments. Stiff cloth binding—contains 1060 pages text. 


MANUAL EXPERIMENTAL STRESS ANALYSIS TECHNIQUES 


For those who are new the field experimental stress 
analysis, the MANUAL introduces the fundamentals experi- 
mental stress analysis terms easily understood the novice. 
contains detailed instructions and, with the aid illustra- 


STRAIN GAGE TECHNIQUES 

Twenty-three chapters and laboratory experiments 
special summer programs presented leading universities, 
covering such topics as: fundamental concepts, selection 


tions and charts, elaborates the application three par- 
ticular methods for determining stress: (1) SR-4 bonded wire 
strain gages, (2) stresscoat (brittle lacquer) and (3) photo- 
elasticity. 


electrical and mechanical aspects the gage system, the po- 
tentiometric circuit, the wheatstone bridge, amplitude 
tion, fundamentals measuring systems, some commercial 


gages, basic considerations strain-gage instrumentation, systems and rosette analysis. Approximately 680 pages. 


CATALOG EQUIPMENT USED EXPERIMENTAL STRESS ANALYSIS 


The Catalog contains references manufacturers equipment, hardware and instrumentation used the measurement strain. 


EXPERIMENTAL MECHANICS 


Official monthly journal the SESA. Includes technical papers and news items interest SESA members and industry. 


Author/s Members’ Non (Add for Each Copy) Volume Specify 
Publication Editor/s Price Orders* members) U.S. Foreign Number Quantity Total 
Proceedings the Society for Mahimann, 
Experimental Stress Analysis and 6.00 6.00 7.00 25¢ 50¢ 
Murray, 
Hendbook Experimental 
Stress Analysis Hetenyi, 16.75 16.75 17.75 Included 85¢ 
Manual Experimental Perry, 
Stress Analysis and 2.00 3.00 Included 10¢ 
Techniques Bean, 
Murray, 
Strain Gage Techniques 12.00 12.00 13.00 Included 85¢ 
ein, 
Catalog Equipment Hofmeister, 2.00 1.25 3.00 Included 10¢ 
Cumulative Index 2.00 1.25 3.00 Included 10¢ 
FXPERIMENTAL MECHANICS** Monthly Journal 1.00 Included 20¢ 


*Bulk Orders—10 more copies single book (for PROCEEDINGS—10 more copies single volume and number). 
**Annual (including postage)—Domestic, $10; Foreign, $12. 


Send books to: Send bill to: 


Remittance Enclosed Bill 


PAYMENT MUST ACCOMPANY ORDERS FOR 
LESS THAN $5.00 


Order Number. 
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EXPERIMENT, THEORY AND DESIGN 


Experimental the key word the name our Society and the title 
our Journal. Boldly and clearly proclaim the strongest possible 
way the primary importance experiment. Physical information must come 
first, theoretical developments and design procedures follow. 


course, some our experimental work follows rather than leads. 
use known techniques and speak verifying the theory checking 
the design. These are useful activities real importance, but when inter- 
preted narrowly they appear low the creative side. the theory 
truly were relevant the problem, the design were proper, there would 
need for verification check. 


fact, however, the engineering and scientific world rapidly running 
out existing knowledge codified form, scientific form, all forms. 
New information needed desperately. Existing theory almost always 
painfully inadequate real situation. All too often the design some- 
thing new based upon the extrapolation ignorance into the unknown. 


Experiment essential, vital and creative. The results enable 
refine and extend existing theory, develop new theory and produce 
functional and economic design known rather than assumed performance. 


the background this cooperation between pencil pushing and 
experiment, but very much the forefront SESA, the development 
new techniques experimental mechanics and the improvement the old. 
the purists among us, this the quintessence experimental mechanics, 
the basic side and the most fascinating. 


The SESA home all whose interest partly wholly experi- 
mental mechanics, from the development new methods the use 
standard techniques the improvement existing designs. our 
meetings—local, national and now international—and through the pages 
our Journal and our past Proceedings, information exchanged, valuable 
time saved great forward steps are taken. 


Drucker 
PRESIDENT, SESA 
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the industry focus 


Secretary Commerce Luther Hodges has invited bids the first two 
buildings for the new laboratories the National Bureau Standards 
built near Gaithersburg, Md. Construction the Engineering Mechanics 
Laboratory and the boiler plant will major step the initial phase the 

relocation the Bureau from its present site Washington, 
Bidding Started the total estimated cost $104 million, Congress appropriated $23.5 
million this year for the first phase which also includes radiation physics 

NBS Laboratories laboratory and the equipping the laboratories. Facilities the Engineering 

Mechanics Laboratory will include gravity chamber; dead weight testing 

machines 100,000, and 1,000,000 capacities; vertical tension and 

compression testing machine 10,000,000 capacity and horizontal test- 
ing machine capable 2,300 000 loads. 


The Martin has awarded multimillion dollar contract Hughes 
Aircraft Co. for technical assistance activating Air Force Titan ICBM 
base Mountain Home, Idaho. 
Titan Missile Base Hughes will check out electronic launch equipment and missile systems 
and will assist Martin the final phase turning over opera- 
Activated tional missile base the Air Force’s Strategic Air Command. The missile 
base, near Mountain Home Air Force Base, one nine Titan bases being 
activated Martin for the Air Force. 


Navy Develops 


Test Device 


Ordnance Laboratory, Silver Spring, 
Md., examines glass-fiber 
reinforced plastic ring which has 
just ruptured with new hydraulic 
test device shown his right hand. 
Called the Hydraulic Ring 
Tensile the device was es- 
pecially designed NOL test 
similar rings program aimed 
more precisely defining the strength 
and environmental resistance prop- 
erties parallel glass filaments 
reinforced plastics. 


May 1961 


/ 
\ 
\ | 
Vat j 
i 
— 


Convair 990 
Breathes Deeply 


Laboratory 
Develops 
Heart Catheter 


Advance Products 
Group Formed 
Kearfott 


Beckman Systems 
Opens 
Engineering Office 


The four engines the new 

Convair 990 jet airliner swallow 

tons air minute—almost 

half the weight the plane itself 

(119 tons, fully loaded). Shown 

the intake for one the 990’s 

brand new air-gulping, aft-fan 

jet engines. Through the cen- 

tral inlet, compressor blades pull 

torrent air into the combus- 

tion chamber. The outer circle 

channels air large fan near 

the rear the engine. The 

combined effect engine and 

fan increase about 40% 

power with approximately the 

same fuel consumption con- 

ventional jet. the 990’s top 

cruise speed 640 mph, the General Electric— 

develop combined thrust equal about 40,000 hp. The 990 undergoing 
flight test Convair, Division General Dynamics Corp. San Diego. 


General Motors Research Laboratories engineers have developed re- 
motely controlled catheter that can directed through the pulmonary artery 
into the human heart’s cavities and passageways. 

was developed Research Special Problems department con- 
junction with Richard Bing, M.D., professor medicine and chairman 
Wayne State University’s department medicine. Charles Gadd, super- 
visor vibration and stress analysis, headed the engineering project for General 
Motors. 

The catheter already has been used humans and Dr. Bing has indicated 
may become important diagnostic instrument heart disease. Although 
precision built, indications are can manufactured reasonable cost for 
routine use heart studies and diagnosis. 


Kearfott Division, General Precision, Inc., has announced the formation 
Advanced Products Department within its Gyrodynamics Branch. John 
Stiles, formerly assistant chief engineer, Precision Gyro Department, will head 
this organization. 

The new department will responsible for the development components 
including free rotors, case-rotated and air-bearing gyros and variety ac- 
celerometers and vertical sensing elements. 


The Systems Division Beckman Inc., has opened field- 
engineering office Albuquerque, serve the states New Mexico, 
Colorado, Texas, Oklahoma, Kansas, Louisiana and Arkansas. Beckman’s 
Systems Division, headquartered Anaheim, Calif., specializes the de- 
velopment and manufacture high-speed data handling systems and com- 
ponents, and military instrumentation projects. 

Clinton Taylor, who was placed charge, joined the Beckman organiza- 
tion after nine years with Convair, division General Dynamics. For seven 
years was associated with that company’s Ft. Worth, Tex., facility, and 
more recently worked project engineer the advanced design section, 
Convair Astronautics, San Diego. 
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Kearfott Division, General 
Precision, Inc., has announced 
the opening plant facility 
Los Angeles, Calif. Located 
1940 Figueroa St., the new 
western region office will con- 
solidate engineering, production, 
sales and administrative activi- 
ties previously conducted 
Pasadena, and has been relocated 
centrally Los Angeles serve 
customers that area. 


Kearfott Opens 
Los Angeles Plant 


American Scale Co. Los Angeles, has appointed Wesrep Corp., Los 
American Scale Angeles, national representative for its line torque-testing equipment for 


use calibrating torque watches, torque screwdrivers, torque wrenches and 


SESA 


May 10-12. Spring Meeting. Benjamin Franklin Hotel, Philadelphia, Pa. 
1-3. First International Congress Experimental Mechanics. 
Hotel New Yorker, New York, 


Related Conference: 


OcTOBER 29-31. International Symposium Photoelasticity. Institute 
Technology, Chicago, 


ASA 


May 11-13. Acoustical Society America, Spring Meeting. Bellevue-Stratford 
Hotel, Philadelphia, Pa. 


ASME 


May 22-25. American Society Mechanical Engineers. Design Engineering 
Conference and Show. Cobo Hall Hotel, Detroit, Mich. 

JUNE 14-16. Conference American Society Mechanical Engineers. Applied 
Mechanics Conference. Institute Technology, Chicago, 


ASTM 


JUNE 25-30. Annual Meeting American Society for Testing Materials. 
fonte-Haddon Hall, Atlantic City, 


IRE 


May 8-10. National Aero-Space Electronics Conference, Institute Radio 
Engineers, and Miami Hotels, Dayton, Ohio 


NRL 


10-12. The 30th Symposium Shock, Vibration and Associated 
Environments. Detroit, Mich. Classified. Address: Code 4021 Naval 
Research Laboratory, Wash., 25, 


OSR 


JULY Conference Air Force Office Scientific Research and 
Martin’s Research Institute for Advanced Studies. Differential Equations Non- 
linear Mechanics. Air Force Academy, Colorado Springs, Colo. 


SAE 


JUNE 4-9. Summer Meeting the Society Automotive Engineers. Chase- 
Park Plaza Hotel, St. Louis, Mo. 


FUTURE 
MEETINGS 
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the news 


SHAAR HEADS G.M.’S 
AEROSPACE OPERATIONS 


Appointment Camille Shaar, 
Jr., head Aerospace Operations 
for the Defense Systems Division 
General Motors was 
cently. Mr. Shaar will 
headquarters the Defense Systems 
Division’s laboratories Santa Bar- 
bara, Calif. 

officer the Navy from 
1941 until 1954, Mr. Shaar’s last naval 
assignment was the Naval Ordnance 
Laboratory White Oak, Md., where 
worked supersonic aerodynamic 
problems and design wind tunnel 
instrumentation. 

Chief project engineer Bendix 
Missile Division for the Navy’s TALOS 
program 1954, was responsible for 
all phases the project, including me- 
chanical and electronic subsystems. 

1958, Mr. Shaar became man- 
ager Bendix Advanced Development 
Laboratories South Bend, Ind., and 
June 1960, moved the newly es- 
tablished Bendix Systems Division 
Ann Arbor, Mich., where was asso- 
ciate technical director group 
500 engineers, scientists and support 
personnel. 

1941 graduate Pomona Col- 
lege, Mr. Shaar received his M.S. 
degree applied mathematics from 
Rensselaer Polytechnic Institute 
1947. also studied George 
Washington University and the Uni- 
versity Maryland. 


McKIE APPOINTED MANAGER 


Appointment Jay McKie 
manager marketing techniques 
central staff marketing Texas In- 
struments Inc., was 
cently. 

Mr. McKie has been Dallas area 
representative Metals Controls, 
Inc., subsidiary, since July 1960. 
Prior that assignment was sales 
engineer with M&C. studied engi- 
neering Stanford University and 
graduated from the Naval 
Academy with B.S. degree 1946. 

his new position, Mr. McKie 
will assist all product division 


marketing departments and marketing 
personnel developing new marketing 
methods and techniques. 

specialist Metals Controls, Inc., 
Attleboro, Mass., will succeed Mr. 
McKie Dallas area representative 
M&C. 


FERRY MADE PROJECT 
ENGINEER 


The Line Electric Co. Orange, 
J., division Industrial Timer 
Corp., Newark, J., has named 
Ralph Ferry project engineer. 

Mr. Ferry comes Line Electric 
from Allied Control Co. where was 
director test engineering. Allied 
developed simplified equipment 
enable production workers com- 
plex testing manufacturing basis. 

graduate the Newark College 
Engineering, has been actively 
engaged work the relay field. 


EVANDER NAMED SALES 
MANAGER 


Herbert Evander been 
appointed sales manager for transistors, 
rectifiers and special devices the 
Hughes Aircraft Co., semiconductor 
division. 

Mr. Evander joined the division 
last September transistor sales 
manager. previously was market- 
ing manager for the semiconductor divi- 
sion Tung-Sol Electric, Inc., 
Newark, 

electrical engineering, from the Newark 
College Engineering. 


BOWDITCH NAMED CHIEF 
ENGINEER 


The appointment Bow- 
ditch chief engineer the Elec- 
tronics Division Statham Instru- 
ments, Inc., has been announced. 

Mr. Bowditch came Statham 
from ERA Pacific, where was 
general manager and chief engineer. 

native Chicago, Mr. Bowditch 
received electrical engineering 
from the University Illinois. 


GORGES JOINS COOK 


Cook Electric Co. has announced 
the appointment Heinz Gorges 
the newly created post director for 
advanced projects for the Cook Tech- 
nological Center division Morton 
Grove, 

Prior joining Cook Electric 
Co., Dr. Gorges was scientific assistant 
the the aeroballistics 
division the George Marshall 
Space Flight Center Huntsville, 
Ala., which under the direction 
Wernher von Braun. While Hunts- 
ville, addition being chairman 
the Saturn Booster Recovery Com- 
mittee, Dr. Gorges directed 
group Saturn Base Heating. 

Dr. Gorges received his Ph.D. 
1946 from the Technical University 
Hannover, Germany, and his Masters 
degree mechanical engineering from 
the University Dresden, Germany, 
1938. has published numerous 
classified and unclassified papers both 
nature the fields supersonics, 
propulsion and optical techniques. 


HINES MADE R&D DIRECTOR 


Frank Hines has been appointed 
research and development director 
the RdF Corp., Hudson, The 
firm presently specializing tem- 
perature measurement and fine wire 
technology. 

Upon graduating from MIT 
1939, Mr. Hines joined the engineering 
staff Ruge Forest Co., 
which 1955 was purchased and 
integrated with the Electronics and 
Instrumentation Division Baldwin- 
Lima-Hamilton Corp., Waltham, Mass. 

With Ruge Forest and sub- 
sequently with Baldwin-Lima-Hamil- 
ton, Mr. Hines has been closely asso- 
ciated with the development re- 
sistance thermometers, strain gage 
transducers, and related instrumenta- 
tion. brings RdF Corp. nearly 
years experience this field. 


Frank F.. Hines 
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HIGH-OUTPUT SEMICONDUCTOR 
LOAD CELLS 


Kulite-Bytrex Corp., Hunt 
St., Newton 58, Mass., announces the 
availability new line Bytrex 
semiconductor load cells rugged, 
simple construction, providing highly 
reliable devices with minimum 
output capacity load. 

The cells utilize semiconductor 
strain-sensitive elements the form 
Wheatstone bridge whose resistance 
change proportional applied load 

The manufacturer reports that the 
resolution limited only the read- 
out instrument. Repeatability bet- 
ter than 0.1%. Temperature com- 
pensation comparable with con- 
ventional strain-gage transducers being 
the order 0.01% per for 
thermal coefficient sensitivity and 
0.005% per for thermal zero shift. 

Standard cells are available 
ranges from +100 lb. 

The new Bytrex solid-state load 
cells are said make possible the 
elimination amplifiers and, conse- 
quently, are suited monitoring and 
control applications where simplicity 
and reliability are important. 


ANGLE-BEAM TRANSDUCERS 


entirely new group angle- 
beam transducers, for use with ultra- 
sonic flaw-detection equipment, has 
been announced Branson Instru- 
ments, Brown House Rd., Stam- 
ford, Conn. Designed primarily for 
the company’s Sonoray flaw detector, 
the transducers may also used suc- 
cessfully with similar ultrasonic instru- 
ments. 

Angle-beam transducers find many 
applications industry, where hidden 
flaws, voids, porosities discontinui- 
ties metals and other hard materials 
must detected, even when access 
only one surface possible. Although, 
many instances, straight-beam trans- 
ducers are sufficient, angle-beam trans- 
ducers offer certain advantages not 
otherwise obtainable, the manufac- 
turer points out. 


DIGITAL MILLIVOLTMETER 

Non-Linear Systems, Inc., Del 
Mar, Calif., has introduced their 
Model 60, digit millivoltmeter in- 
tended for reading output strain 
gages, thermocouples and other trans- 


New products 


For more details regarding these products, circle item number 


Reader Information Card 


SERVO 

triaxial, biaxial, unidirectional 
line servo accelerometers has been 
announced Gulton Industries, Inc., 
212 Durham Ave., Metuchen, 
The manufacturer states that they are 
suitable for upper air weather rocket 
applications well aid for iner- 
tial guidance, surveying, construction, 
installing precision equipment, balance 
detection and calibration. They are 


May 1961 


reported solve the axial line-up 
problem formerly encountered the 
field and provide substantial space 
savings. 

Designed for +15 d-c 
operation, these instruments provide 
precision measurements for guidance, 
navigation and other systems requir- 
ing secondary acceleration sensing 
capabilities two more planes 


ducers well for calibrating d-c 
millivoltmeters and recorders. 

The manufacturer states that the 
Model has range +99.99 
for making low-level measurements 
without preamplifier. Its scale fac- 
tor (span) control permits making any 
value from 100 appear 
99.9 the readout. Input impedance 
reading digit, and precision 
+0.01% full scale. 


‘ 


STRAIN-GAGE WATERPROOFING KIT 


The No. 300 Experimentor’s Kit 
offered Strain Gage Accessories 
Co., P.O. Box 281, Northridge, Calif. 
Intended acquaint the strain gage 
user with the SGAC line water- 
proofing compounds, the kit contains 
materials for room-temperature and 
high-temperature applications. 

Included kit are one-trial units 
each the following materials: 
No. 321 room-temperature compound 
(paste); No. 322 room-temperature 
compound (liquid); and No. 341 high- 
temperature system (including primer). 

flexible epoxy system for the mechani- 
cal protection and waterproofing 
strain gages. This compound for use 
installations where temperatures 
will not exceed 250° for long periods 
time. Short-time exposure tem- 
peratures 300° can toler- 
ated. 

solution silicone resins which air dry 
flexible, water-repellent, wax-like 
film. This material useful for every- 
day strain-gage 
where mechanical protection not re- 
quired, and the strain gages will not 
immersed water for long periods 
time. 

room-temperature-curing silicone com-, 
pound supplied ready-to-use tubes. 
Once applied, reacts with moisture 
the air and begins cure. addi- 
tional catalyst heat required. 
temperature. 
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ENLARGED TESTER 

Larger sections materials can 
positioned and tested the Model 
Co., Inc., 14620 Keswick St., Van 
Nuys, Calif. Standard width between 
the uprights has been increased ap- 
proximately 80%, from in. 
addition this extra-wide work 
area, four daylight openings are avail- 
able (12, 20, 30, in.) permit fixture 
travel excess the greatest antici- 
pated elongation. 

The Dillon instruments are made 
0-1000, 0-5000, and 
0-10000 Tests tensile, trans- 
verse, compression and shear can 
made materials with tensile strength 
varying from only few pounds 
high 400,000 psi. 


TWO-PART CASTING RESIN 


Stycast 3180M epoxy casting 
compatible with electrical com- 
ponents and circuits, according 
Emerson Cumming, Inc., Canton, 
Mass. Embedment coils and trans- 
formers suggested application 
for this material. said bond 
extremely well most materials, tohave 
excellent machinability and high-insu- 
lating qualities, moisture resistance and 
thermal stability. 


BLH DEVELOPS WORLD’S SMALLEST 
FULLY INSULATED TEMPERATURE SENSOR 
THERMOCOUPLE 


Response time reduced significantly these new 
fully insulated, electrically fused wire 
element thermocouples. typical time constant 
1.2 milliseconds with exposed junction 
design immersed stagnant oil. 


Unique construction permits the entire probe and 
leads withstand temperatures the hot 
junction, which may (1) exposed, (2) sealed 
and insulated, (3) grounded and flattened. 
All configurations are designed for minimum 
disturbance environment. 


element wires are insulated with pure fused 
ceramic that does not pick moisture from the 
air and has voltage breakdown 10,000 volts 
room temperature. The probe .014 in. 
dia., and the lead wires are .010 in. dia. 

for easy handling. 


Cryogenic 3000°F temperature range makes the 

Thermocouple ideal for 
measuring temperatures rocket fuels, missile 
and aircraft skins, jet engine exhausts, 

atomic piles, and various testing and process 
operations throughout industry. 


Nationally available through BLH sales 
engineering representatives throughout the 
U.S. and Canada, these temperature sensors are 
manufactured BLH under exclusive license 

High Temperature Instruments Corp. 


Write us...or contact your nearest BLH 
representative for copy our 6—page 
product data folder. 


BALDWIN LIMA HAMILTON FIRST 
Electronics Instrumentation Division 


Waltham 54, Mass. 
Strain Gages Transducers Sensors Systems 


For details, circle No. Reader Information Card 
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Potentiometric Displacement 


Transducers provide wide range 
deflection measuring capability. De- 
signed for measuring displacement 
during aircraft structural loading 
tests, they may also used other 
static and dynamic applications. 


Model 4040 (illustrated above) has constant- 
force reel spring. Responds up to 50 ft./sec.? 
with accuracy better than +1%. Maximum dis- 
placement range: 10 ft. Shorter ranges avail- 


Model4046hasamaximum 
range of 34”, accuracy is 
+1% of range. Cable ten- 
sion: 8-12 oz. Response 
Weight only 9.5 oz. Size: 
1%," 1X". 


Model 7100 has de- 
tachable cable which 
separates from reel 
when fully extended. 
Range: 12 inches. 
Cable tension: oz. 
Max.operatingtemp: 
222°F Size: 


Model 6704 has range 
with 6-lb. cable tension. 
High-temp potentiometer 
operates from —100° 400°F 
without cooling. Response: 
10 ft. sec.? Cable tension: 6 
Ibs. Wt: Ibs. 


Other configurations and 
characteristics are offered 
special order. 


RESEARCH 


INCORPORATED 


Box 6164X Minneapolis 24, Minn. 
For details, circle No. 3 on Reader Information Card 
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RECTANGULAR PANEL METER 


Design line all-metal panel 
meters has recently been announced 
Helipot Division Beckman Instru- 
ments, Inc., 2500 Harbor Blvd., Ful- 
lerton, Calif. 

The 6-in. rectangular meters 
are all-metal construction with steel 
movement enclosures 
fully against the effects magnetic 
panel materials stray RF, according 
the manufacturer. All meters 
the series are gasket sealed keep 
out moisture, dirt and foreign particles. 
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MAGNETOHYDRODYNAMIC 
POWER GENERATION 


MHD Research, Inc., and Allis- 
Chalmers Mfg. Co. have announced the 
results year’s research the de- 
velopment new type power 
generator. 

The device, which produces power 
direct conversion heat elec- 
The experimental facility operation 
Newport Beach, Calif. The 
purpose this facility experi- 
mentally demonstrate the direct con- 
version thermal electrical 
energy magnetohydrodynamic prin- 
ciples and gain experimental data 
and experience applicable commer- 
cial application these principles. 


GENERAL-PURPOSE ACCELEROMETER 


The development true com- 
pression accelerometer, the Model 304, 
general purpose sensing device with 
very high sensitivity rating, for all- 
around shock and vibration applica- 
tions either field laboratory, has 
just been announced Columbia Re- 


search Laboratories, MacDade Blvd. 
Bullens Lane, Woodlyn, Pa. The 
isolated case design the Model 304 
suggests its use where high sensitivity 
and unusual stability and accuracy are 
required tests conducted under se- 
vere environments acoustic noise, 
temperature, altitude and 
The long term stability the device 
said make suitable for use 
transfer standard with periodic NBS 
calibration. 


TRANSDUCER POTENTIOMETER 


Minneapolis-Honeywell Regulator 
Co. recently introduced the Electronik 
potentiometer, described the first 
device called the the 
electrical rebalancing element. 

addition the Stranducer, 
which said provide infinite resolu- 
tion the measurement and control 
process variables, the Electronik 
features single automatic cold-junc- 
tion compensator for all thermocouples 
all ranges and electrostatic shielding 
critical components for rejection 
stray signals. 


HIGH-PRESSURE SEAL MATERIAL 


new material for use high- 
temperature, high-pressure static seals 
has developed Armour Re- 
search Foundation. The material 
composite two metals whose com- 
bined properties meet the requirements 
for temperatures 
1200° and pressures 5000 
psi. 

The composites, developed for 
Wright Air Development 
Air Force, are made impreg- 
nating porous body fiber metal (or 
skeleton) with soft metal. The 
resiliency the fiber-metal skeleton 
combines with the softness and con- 
formability the impregnant offer 
seal material for most any static high- 
temperature, high-pressure purpose. 
addition, the metals are corrosion 
resistant for use with chemicals, exotic 
fuels hydraulic fluids. 

skeletons are 
usually molybdenum stainless 
steel. 
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ABSOLUTE PRESSURE UNIT 


Offered Barton Instrument 
Corp., 580 Monterey Pass Rd., Mon- 
terey Park, Calif., absolute pres- 
instrument actuate indicators, 
transmitters, controllers 
alarm switches absolute pressure 
ranges from psia. Unlike 
other absolute pressure units, the new 
Model 224 said withstand over- 
range (up the pressure rating the 
housing) without damage the unit, 
shift zero calibration, while 
measuring absolute pressure with ex- 
treme accuracy. 

The unit currently being pro- 
duced the following safe working 
pressures and materials: 500 psi brass, 
1000 psi aluminum bronze, 1500 and 
3000 psi steel. 


UNIVERSAL THERMOCOUPLE HOTBOX 


Many temperature measuring jobs 
require variety thermocouple 
types, and the growing number 
combinations severely complicates the 
old problem reference junction 
compensation. complete solution 
claimed Research, Inc., Box 6164, 
Minneapolis 24, Minn., its Universal 
Hotbox which joins types 
thermocouple wire directly copper 
deep within its heat sink. Since there 
are external junctions the need for 
special wire-matching plugs elimi- 
nated, and all types combinations 
thermocouple types (including the new 
exotic metals) are accommodated in- 
terchangeably. 

Its principle that the time- 
honored ice bath, except that junction 
temperatures are accurately controlled 
150° Junctions are quickly and 
easily made using tapered plastic 


sleeves which wedge each thermocouple 
wire into separate heat-sink socket. 


DATA SYSTEMS CARD READER 


series punched-card readers, 
designed for use with card-programmed 
control systems, data gathering sys- 
tems and other digital instrumentation, 
available from Datex Corp., 1307 
Myrtle Ave., Monrovia, Calif. 

Known the CR-100 Series card 
readers, they are said feature sim- 
plicity and reliability operation and 
rugged construction. The unit reads 
IBM card with one mechanical 
operation and data available 
contact closure outputs until the card 
released. 

Two models are available—the 
CR-101 which will read columns 
standard IBM card, and the CR-102, 
which will read the entire 80-column 
card. 


TAPE RECORDER/REPRODUCER 


versatile wide-band magnetic 
tape recorder/reproducer system de- 
signed for high reliability laboratory, 
ship, mobile van, blockhouse en- 
vironments announced the Data 
Recorders Division Consolidated 
Electrodynamics Corp., subsidiary 
Bell Howell Co., 360 Sierra Madre 
Villa, Pasadena, Calif. 

The VR-2600 
said feature frequency response 
and 1000 bits per inch parallel record- 
ing with PCM techniques; six elec- 
trically selectable operating speeds 
from 120 ips two ranges; all 
solid-state plug-in modular electronics; 
and all metal front surface wide band 
record and reproduce heads. Addi- 
tional features such PDM and 
digital electronics, voice-logging sys- 
tem, monitor meters, attenuators, 
oscilloscopes, and servo system re- 
portedly make the VR-2600 most 
flexible instrument. 
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PULSE GENERATORS 

line pulse-generating equip- 
ment featuring high repetition rates 
and fast rise and fall times has been 
introduced Texas Instruments Inc., 
P.O. Box 6027, Houston Tex. 

The line includes two pulse 
generators” and “‘programmed pulse 
These instruments are 
said feature much higher repetition 
rate than any pulse generators cur- 
rently available. Extremely fast rise 
and fall time pulses are achieved 
through the unique design the equip- 
ment’s solid-state circuitry. 

Specifications for the new clock 
pulse generators repetition 
rates mc; 25-100 mc; rise/fall 
times less than nanosec; pulse 
width less than nanosec one-half 
pulse height; amplitude, con- 
tinuously variable; and output im- 
pedance ohms. Performance 
specifications for the programmed pulse 
generator include repetition rate 
rise/fall times less than 
nanosec; amplitude, continu- 
ously variable; and output im- 


SELF-CALIBRATING ACCELEROMETER 


Model accelerometer, 
described true compression sensing 
device that enables remote system 
checkout and calibration after final 
installation, even during data run, 
shock and vibration testing systems 
Columbia Research Laboratories, 
MacDade Blvd. Lane, 
Woodlyn, Pa. 

According the manufacturer, 
this new concept accelerometer de- 
sign consists dual seismic system 
employing one element driver and 
another sensor, and operates 
merely applying known external 
voltage. During calibration check- 
out, the known alternating voltage 
applied the driving element and 
generates acceleration input the 
sensing accelerometer that com- 
plete dynamic response characteristics, 
including frequency range, linearity 
end temperature range, can de- 


ALUMINUM-COATING GAGE 


new nondestructive, compact 
coating gage will enable aluminum 
finishes produced with maxi- 
mum quality and durability, but 
the lowest possible cost, according 
its manufacturer, the Twin City 
Testing Corp., Tonawanda, 

Known the Permascope Model 
EC2T4, the lightweight instrument has 
three main uses: measurement 
thicknesses nonconductive coatings, 
thicknesses nonferrous metal coat- 


100 CHANNEL STRAIN GAGE SYSTEM 
WITH BOTH ANALOG RECORDING 
AND DIGITAL READOUT 


direct strain readout typewriter, paper 
tape punch, digital lamp bank and recorder 
simultaneously 


inherent flexibility adapt plotter, summary 
punch, other end equipments 


sophisticated system controls 


modular construction offers ability expand 
both input and output system 


designed strain gagers for strain gagers 


F’s answer the problem document- 
ing strain information with maximum accu- 


racy and ultimate ease. 


3644 Lawrence St. 
Philadelphia 40, Pa. 
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ings nonferrous-base metals and 
conductivity nonferrous metals. 
Basic theory the Permascope 
involves the found 
metal. The metal surface subjected 
electromagnetic field and 
measuring changes caused the 
currents” coating depth can 
measured rapidly and precisely. 


BOUND VOLUMES 


PROCEEDINGS 
AVAILABLE 


Still available are number 
bound volumes the series Pro- 
ceedings the Society for Experi- 
mental Stress Analysis. 
lished twice yearly, these volumes 
comprise the technical papers pre- 
sented national meetings and 
contain the results and descrip- 
mental investigations, well 
discussions techniques and in- 
strumentation studies. 

Price $7.00 nonmem- 
bers and $6.00 members; plus 
postage. Copies may 
through the Society for Experi- 
mental Stress Analysis, Bridge 
Square, Westport, Connecticut. 
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DATA-LOGGING AMPLIFIER 


magnetic amplifier that delivers 
than 0.1% reported Airpax Elec- 
tronics, Inc., Seminole Division, Fort 
Lauderdale, Fla. Voltage gains from 
100 10,000 are said obtained. 
The M-5301-D, three-stage amplifier, 
combines harmonic type 
amplifier having very stable null with 
double-ended, full-wave magnetic 
amplifier obtain high open-loop 
gain. The output stage consists 
full-wave, double-ended amplifier with 
two isolated control windings. 

Characteristics are given fol- 
lows: input, +50 mv; output, 
de; d-c linearity, better than 
0.1%; gain, 10,000 (variable); power, 
115 400 cps; temperature, 


EHF SPECTRUM ANALYZER 


Polarad Electronics Corp., 43-20 
34th St., Long Island City 
manufacturer microwave spectral- 
analysis equipment, reports 
tremely high-frequency 
that displays spectral in- 
formation between 50,000 and 100,000 
me. 

The Model DA-70 spectrum ana- 
lyzer covers this frequency range 
kmc band all contained one 
tuning head. The wide band display 
serve pulsed signal narrow 0.01 
msec, the manufacturer states. 

Applications are said include 
measuring the spectral characteristics 
pulse-modulated signals, simplifying 
field-intensity measurements, develop- 
ment countermeasures equipment, 
comparison two signals having 
small frequency difference, testing 
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Point Light Sources 
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Matched Quarter Wave Plates 17” diameter 
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transmitters and generators for 
throughout their tuning range, and 
general determine pulse widths and 
techniques. 


TRUE RMS VOLTMETER 


Model True RMS voltmeter 
described highly accurate, multi- 
range indicating device which servo- 
operated and features large, easy-to- 
read linear scale. Designed for general 
laboratory use, also capable 
driving, through its servo system, out- 
tentiometers applications involving 
data reduction process control, ac- 
cording the manufacturer, 
Moseley Co., 409 Fair Oaks Ave., 
Pasadena, Calif. 

The rack-mounted unit com- 
pletely self-contained, with all operat- 
ing controls the front panel. 
step-type input attenuator provides 
reported. 

The Model may subjected 
voltages substantially excess the 
range setting without damage because 
slipping clutch and stop feature 
mits the servo motor 
tinuously without transmitting damag- 
ing forces the pointer. 100 
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Guide Government Grants 
and Contracts 


Social Legislation Information Ser- 
vice, Inc., 1346 Connecticut Ave., 
NW, Washington C., announces 
the release the newly revised third 
edition Agencies Financing 


for those who may in- 


terested getting research contract 
from any the governmental agencies. 
Priced $1, this 26-page report 
agencies, scientific fields and suitable 
forms contract application. 


Electronic Weight 
and Thrust Measurement 


32-page technical bulletin TD- 
106 has been released Gilmore 
Industries, Inc., 13015 Woodland Ave., 
Cleveland 20, Ohio. 

The bulletin describes some typi- 
cal systems for jet-engine test facili- 
ties, electronic methods weight and 
thrust measurements and calibrations 
used ICBM facilities, and 
installation Edwards Air Force 
Base, designed for captive testing all 
present and planned aircraft. 

Also discussed are the various 
types secondary standards available 
for force measurement well the 
reasons for the decrease the con- 
fidence factor the secondary stand- 
ard accuracy approaches the accuracy 
the primary standard. 103 


Low-noise Chopper 
2-page data sheet, Specification 


266-3, illustrating the minimum noise 


levels encountered using their Model 
chopper available from Airpax 
Electronics, Inc., Cambridge Division, 
Cambridge, Md. noise 
measuring circuit shown and noise 
load impedance. 100 ohms load, 
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cps drive, the maximum noise shown 
(chopper plus system noise) 0.6 
microvolts. 

Also provided are outline, mount- 
ing and connection diagrams; electrical 
and environmental characteristics. 

105 


Digital Pressure Transducer 


specification sheet available 
from Datex Corp., 1307 Myrtle Ave., 
Monrovia, Calif., covering details 
the Series digital pressure 
transducer. The unit indicates 
digital form the magnitude pressure 
input. The output suitable for 
entry into numerous recording devices. 

107 


Angle-position Simulator 


loose-leaf reference sheet put out 
Kearfott Div., General Precision, 
Inc., Little Falls, J., describes the 
function, features, specifications and 
applications the CO1735002 angle- 
position simulator. Electrical charac- 
teristics are tabulated for variations 
available. 109 


Modulated Power Source 


loose-leaf data sheet that gives 
the uses, purpose, characteristics and 
specifications their Model T224 
modulated power source offered 
Avtron Mfg., Inc., 10409 Meech 
Ave., Cleveland Ohio. 

The basic component the T224 
described the precision 400 cps 
power supply that may either 
amplitude frequency modulated 
any frequency from 200 cps. 
Voltage modulation can introduced 
without frequency modulation and vice 
versa. 111 


Adhesives Specifications 


listing official Government 
specifications for wide variety 
adhesives, coatings and sealers now 
available from the Adhesives, Coatings 
Sealers Division, Minnesota Mining 
Manufacturing Co., 900 Bush Ave., 
St. Paul, Minn. 

The catalog lists, numerical 
form, military specifications, speci- 
fication definitions, intended applica- 
tion and the corresponding ad- 
hesive, coating sealer that meets 
these specifications. 113 


Radiographic Linacs 


four-page, profusely illustrated 
bulletin 
was recently released Varian Associ- 
ates, 611 Hansen Way, Palo Alto, 
Calif. 

This bulletin describes four new 


radiographic linacs which are said 
have the following features: 
energy for maximum penetration and 
minimum scattering thick sections; 
high intensities for minimum exposure 
time; fine focal spots for maximum 
definition; 360 deg rotation the 
X-ray beam both the horizontal and 
vertical planes for maximum set-up 
flexibility and speed. 115 


Laboratory News 


American Instrument Co., Inc., 
8030 Georgia Ave., Silver Spring, Md., 
announces the availability 
News,” 
quarterly publication. Its contents 
are devoted applications Aminco 
instruments, new processes and de- 
velopments, and the latest aids 
general scientific fields. 117 


Strain-gage Recording 


four-page application note de- 
scribing the use Autograf X-Y 
recorders strain-gage recording 
now available from the Moseley 
Co., 409 Fair Oaks Ave., Pasadena, 
Calif. 

The note, AN-103, describes typi- 
cal strain-gage circuits, and presents 
detailed description three general 


Moseley recorders. 
direct measurement bridge output 
voltage, common d-c power supply for 
bridge and recorder, and a-c strain-gage 
excitation. 

The note also describes the new 
Moseley Autograf multichannel strain- 
temperature recording system. 

119 


Acceleration Switch 


loose-leaf reference sheet avail- 
able from Kearfott Div., General 
Precision, Inc., Little Falls, J., 
describes the construction, operation 
and performance specifications the 
A9548-01 acceleration switch. Oper- 
ating low inputs, the instrument 
closes circuit when given accelera- 
tion applied. Gas damping affords 
the proper time delay integration 
before switch closure. 121 


Stress-rupture Data 


Data the form comparative 
curves that illustrate the excellent 
high-temperature stress-rupture prop- 
erties air-melted cobalt base WI-52 
superalloy compared the more 
expensive vacuum-melted nickel base 
superalloys now available from 
WaiMet Alloys Co., Division Howe 
Sound Co., 5320 Oakman 
Dearborn, Mich. 

The chart illustrates that nickel- 
base vacuum-melted alloys have only 
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slightly higher 
properties the 1800 2000° tem- 
perature range than the cobalt base, 
WI-52 superalloy. How- 
ever, vacuum-melted alloys are more 
expensive than air-melted WI-52 super- 
alloy because the processing costs. 
Investigating the possibility using 
this alloy for investment cast parts 
requiring high stress-rupture properties 
elevated temperatures suggested. 

123 


Circuit Module 


The Datex Corp., Myrtle 
Ave., Monrovia, Calif., has recently 
released Bulletin No. DPS/A4, dealing 
with the CM-112B Circuit Module. 

The CM-112 Series transis- 
torized printed circuit 
primarily designed for buffer storage 
the Datex K-111A control chassis. 
Data from input devices such 
Datex Encoders are stored and then 
transferred relay matrices the 
K-111A control chassis. 

These modules may also used 
other similar storage and translator 
applications. 125 


Angle-position Indicator 


loose-leaf data sheet issued 
Kearfott Div., General Precision, Inc., 


Little Falls, J., gives all details 
regarding the KT427566 angle-position 
indicator. This unit measures and 
indicates the angular displacement 
any remote rotational device which 
synchro resolver transmitter can 
coupled. the militarized 
angle indicator. 127 


Transistorized Digital Translator 


Bulletin No. DPS/A18, describing 
digital 
translator, has been issued Datex 
Corp., 1307 Myrtle Ave., Monrovia, 
Calif. 

The TR-100 series transistorized 
digital translators are designed 
convert binary-coded decimal input 
coded decimal outputs. Maximum 
capacity with single output 
decimal digits; decimal digits can 
handled with dual output. Outputs 
are suitable for entry lamp banks 
and for driving relays, etc. 

The TR-100 consists standard 
Datex series circuit modules 
mounted standard circuit module 
chassis, maximum capacity 26. 129 


Strain-gage Lead Wires 


loose-leaf catalog sheet gives 
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essential details single-, double- 
and triple-conductor high-temperature 
strain-gage lead wires. Twenty differ- 
ent wires, shielded and not shielded, are 
listed, described and priced Strain 
Gage Accessories Co., Division 
Wolfe Enterprises, P.O. Box 281, 
Northridge, Calif. 131 


Helpful McGraw-Hill books 


THEORY 
PLATES 


THEORY 
ELASTICITY 


FORMULAS FOR 
STRESS AND STRAIN 


for your professional library 


THE STRAIN 
GAGE PRIMER 


AND SHELLS 


Covers the general theory of bending 
of plates under lateral load, with appli- 
cations to circular and rectangular 
plates, and with numerous tables sim- 
plifying the calculation deflections 
and stresses in plates. Provides a 
treatment of combined bending and 
tension compression plates, with 
applications thin plates. 
Timoshenko, Stanford Univ.; and 
Woinowsky-Krieger, Université 
laval, Quebec, Canada. 2nd Ed., 580 
280 illus. $15.00 


THE TESTING AND 
INSPECTION 
ENGINEERING 

MATERIALS 


practical approach the principles 
and methods of materials testing, with 
full details types tests use. 
modern testing equipment 
and covers effects of variables ou test 
results. Includes information oa mi- 
cro-hardness testers, non-destructive 
tests, low-temperature impact tests, 

Troxell, Univ. Calif.; 
piskocil, formerly, Univ. of Calif. 
431 pp., 171 illus., tables, 


For engineers concerned with calculat- 
ing stresses in engineering structures 
and machine parts—here is essential 
knowledge of the theory of elasticity, 
together with the solution of engineer- 
ing problems of practical importance. 
The book discusses approximate and 
experimental methods of solving elas- 
tic problems which have proved use- 
ful the study complicated cases 
stress distribution. Timo- 
shenke and Goodier, Stanford 
Univ. 2nd Ed., 506 pp., 266 illus., 
$11.50 


APPLIED 
ENGINEERING 
MECHANICS 


Emphasizes the use of reasoning rather 
than complicated mathematics jor 
solving engineering problems. Em- 
ploying only simple mathematics, the 
book proceeds from easy to difficult 
phases of engineering mechanics, clar- 
ifying the principles advanced with 
numerous illustrations. Takes you 
step-by-step through the solutions of 
scores of technical problems. By Al- 
fred Jensen, formerly, Univ. of Wash- 
ington; assisted by Harry H. 
Chanoweth, Univ. of Washington. 2nd 
Ed., 409 pp., 746 illus., $6.50 


compact and readily usable sum- 
mary important formulas, facts, 
and principles pertaining strength 
of materials. This reliable reference 
for engineers provides helpful formu- 
las for stress analysis and elasticity. 
All experimental data and empirical 
formulas are in line with current infor- 
mation. New material has been 
added, ensuring complete coverage of 
stress and strain. Raymond 
Roark, Univ. Wisconsin. 3rd Ed., 
381 pp., $8.25 


What the bonded wire resistance strain 
gage can do in solving problems in ex- 
perimental stress analysis explained 
in this practical book. All phases are 
covered—from selecting the proper 
commercial gage through preparing 
surface of the test member, cementing, 
damage-proofing, and wiring the gage 
—to selecting the proper instrument to 
record the strain gage data, and in- 
terpreting readings in terms of signifi- 
cant stresses. Perry and 
Lissner, Wayne Univ. 280 pp., 180 
illus., $6.00 


SEE THESE BOOKS DAYS FREE 


McGraw-Hill Book Co., Dept. EXM-5, 327 41st St., 36, N.Y. 


Send me book(s) checked below for 10 days’ examination on approval. In 
10 days I will remit for book(s) I keep, plus few cents for delivery costs, 


and return unwanted book(s) postpaid. 


(We pay delivery costs if you 


remit with this coupon —same return privilege.) 


I O Roark—Formulas for Stress & 
Strain, $8.25 
O Perry & Lissner—The Strain 
| Gage Primer, $6.00 

O Davis et al—Testing and In- 
| spection of Engr. Materials, 
| $7.50 


For price and terms outside U.S., write McGraw-Hill Int’!. 


O Jensen & Chenoweth—Applied 
Engr. Mechanics, $6.50 

O Timoshenko & Woinowsky- 
Krieger—Theory of Plates 
and Shells, $15.00 
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Sanborn 
has probably already designed 


your “custom 
recorder and amplifier 
oscillographic design permits maximum flexibility meet 


specific appiication needs 
system 


950 Series —truly low cost identical channels 


high gain, medium gain, 0.5 mv/div; 
low gain, mv/div. Medium and high gain types 
are completely transistorized, have floating and 
guarded input circuits. Frequency response 
150 cps within db, div peak-to-peak with low 
gain system. Amplifier panel space only 19”, 


Series economical, flexible miniature 
preamps 


Interchangeable plug-in preamps, eight high 
module, available Phase Sensitive Demodulator, 
Coupling, Carrier and Low Level types. System 
response 150 cps within db, div peak-to- 
peak, depending preamps used. Input circuits 
single-ended, push-pull, floating and guarded, 
depending choice preamp. 


Series versatile, high performance inter- 
changeable preamps 


Provides greatest possible application flexibility, 
with interchangeable preamps Carrier, Cou- 

Phase Sensitive Demodulator, Differential DC, 
Low Level, Logarithmic and Frequency Deviation 
types. System response 150 cps within 
div peak-to-peak input single-ended, float- 
ing and guarded, push-pull depending pre- 
amplifier used. Eight preamps two 4-unit modules 
occupy 21” 19” panel space; usable separately 
with individual power supplies drive meters, 
etc. 


style Recorder Assembly used all the above systems. Pro- 
vides transistorized, plug-in, current-feedback power amplifiers low 
impedance, velocity feedback damped galvanometers visible 


plane. Recorders with horizontal ‘chart plane also available for 350, 
850 and 950 systems. 


Sanborn oscillographic recording systems also include tube-type 
8-channel “150” Series with plug-in preamplifiers; and the 
8-channel amplifier available separately for driving any galvanometer. 
For complete data contact one the Sanborn Sales-Engineering repre- 
sentatives located principal cities throughout the United States, 
Canada and foreign countries. 
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Fig. flight 


Testing Methods for Large Aircraft 


Free-flight testing and single-pressure system loading ave 


among the unique methods described 


Moseley 


ABSTRACT—Some unique testing methods connection 
with static-load application and associated data acquisi- 
tion are described. The method airplane 
static testing covered applies the current test 
program for the C-133 Cargomaster (300,000 gross 
weight). The loading and safety advantages the 
“single-pressure are discussed. Instrumenta- 
tion provides for visual readout well IBM punch 
cards for records deflection, cabin pressures, jack loads 
and total 2800 strain gage installations. Use 
the and safety methods for fuselages 
pressurized air are discussed. Additional areas that 
are covered: hydrostatic-test methods and instrumenta- 
tion; fail-safe development for pressurized cabins; and 
future fatigue tests complete airplane. 


Introduction 


The testing methods that are now being used for 
large aircraft have evolved from experience gained 
previous tests this type. The introduction 
pressurized cabins has further complicated the static- 
test problem. addition, the need for large quanti- 
ties rapidly acquired data has put more emphasis 
improved instrumentation. The purpose 
this paper summarize some the important 
testing methods used for large aircraft. 

Structural testing the C-124 Globemaster was 
initiated the Douglas Long Beach Plant 1950. 
This airplane was large troop and cargo transport, 


D. L. Moseley is Chief, Test and Development Section, Douglas Aircraft 
Co., Inc., Long Beach, Calif. 

Paper was presented at 1959 SESA Spring Meeting held in Washington, 
D.C., on May 20-22. 


with gross weight Many new testing 
and instrumentation concepts were developed during 
those tests. 

the present time, the C-133 Cargomaster (gross 
weight 300,000 lb), intercontinental logistics 
transport, undergoing its tests and the example 
used for this paper (Fig. 1). 


Method 
Airplane Static Testing 


The term flight” refers the method 
testing which the static airplane simulates the 
airborne condition. can maneuvered through 
small angles and distances the application test 
loads. Its position any point can ascertained 


Fig. 2—C-133 wing ultimate. deflection 
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electronic instrumenta- 
tion and position correc- 
tions can made, neces- 
sary, adjusting the test 
loads being applied. The 
static airplane thus 
(Fig. 2). 
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Single-pressure Concept 


All tests the static air- 
plane were designed 
employ simple, determi- 
nate system for test-load 
application reaction. 
This concept necessitated 
many detail test-load calcu- 
lations 
but produced many de- 
sirable loading and safety 
features. 

The single-pressure con- 
cept best described 
referring typical static 
test. Figures and are 
schematics loads applied 
the static airplane for 
flight-condition wing test. 
All loads were applied 
hydraulic 
through 
lever systems (whiffle trees), 
simulate airload distribu- 
tion. immediately evi- 
dent, from Figs. and 
that single hydraulic pres- 
sure was used load the 
wing and that two single- 
pressure systems were used 
react these wing loads 
the fuselage. The result was 
simple loading method 
and determinate loading 
system. 

Attainment single- 
pressure system, hydraul- 
ically load the wing the 
C-133A airplane, 
necessitated much detail 
work caused the factors 
which had satisfied. factors included: 
(1) selection wing loading points simulate air- 
load distribution, (2) test shears, moments and 
torques match the design magnitudes within 
all stations, (3) dead-weight determination load- 
ing system, (4) load-application equipment limita- 
tions, etc. 

Rough computations were made arrive the 
number and location wing-loading points and 
the weight the whiffle trees. With these two 
factors roughly established, the wing was then 
divided into loading zones consistent with the 
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Fig. 4—Hydraulic schematic fuselage-reaction systems 
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hydraulic-jack sizes available, the most accurate 
working pressure (usually 3000 psi) and the stroke 
required meet maximum wing deflections. Any 
discrepancy zone loading from the accuracy 
requirement was corrected the introduction 
lever beam which distributed load 
between two adjacent load zones. The 
weight the aircraft structure known from the 


beginning, but the used when small 


correction needed for the effects the final weight 
the whiffling. 
Computer programs using the IBM 701 and 
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Fig. 5—Hydraulic schematic standby system 


use thisconcept. Failure 
the wing would immedi- 
ately relieve hydraulic pres- 
sure all the jacks out- 
board the failure point 
and, turn, relieve the rest 
the wing-loading jacks 
and the fuselage reaction- 
load jacks. Response time 
for jack pressure relief was 
LEFT WING ROLL CONTROL improved providing 
which all wing jacks are 
connected. The manifold 
allows the very rapid trans- 
fer large volume hy- 
draulic fluid from loaded 
jacks unloaded jacks thus 
reducing the possibility 

secondary damage. 
Another feature the 
single-pressure system the 
capability control the 
static 
The vertical loads applied 
the static airplane, 
Figs. and may mani- 
pulated easily obtain de- 
sired airplane height, pitch 
and roll attitude before 
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SURGE AIR EXHAUST MUFFLER during test. Figure 


PRESSURIZATION AIR COMPRESSOR 


CONTROL VALVE 


WATER STANDPIPE 


Fig. air-pressure system 


Burroughs E102 were then employed distribute 
airloads the wing loading points, determine whiffle- 
tree geometry and weight and compute and refine 
the net test-wing shears, moments and torques. 
extension the computer program permitted the 
selection the detail whiffle-tree components re- 
quired for the test. 'The computer output list- 
ing, vellum, the part numbers and material 
required for the whiffle trees which could directly 
issued the shop for fabrication. 

The built-in safety feature the single-pressure 
arrangement the most important factor favoring the 


shows systems which can 
used for horizontal position 
control. The advantages 
such system can only 
appreciated the test en- 
gineer. called upon 
conduct large variety 
structural tests, using 
specified 
loading requirements, which 
EXHAUST CONTROL VALVE accomplished with- 
out inadvertent damage 
airplane. 
Position control is, there- 
fore, vital importance 
the test engineer when con- 
sidering the following: (1) 
minimizing secondary damage, (2) structure deflec- 
tions, (3) restraint catching provisions for the 
static airplane case failure, (4) pull-off angles 
loading system, (5) limitations mechanical loading 
systems such jack strokes, (6) interferences and 
(7) confined-area tests, etc. 

Manpower coordination (direction) difficult 
obtain while test being accomplished large- 
sized aircraft. The most important coordination por- 
tion the test-load application and reaction. Fig- 
ure shows that the test engineer needs only 
supervise the efforts three men located panel 


NOSE GEAR LEFT 
j 
= 
| 
Experimental Mechanics 139 


Fig. cabin filler 


v v Vv Vv v 

STRAIN GAGE INPUT 10 INPUT 80 OUTPUT outrut@ READ-OUT 

TRANSDUCERS AT On WEAR CABLES CABLES CABLES CABLES BALANCE PANELS 


100 PER IDP ON TEST SPECIMEN 1 PER IDP. 


TEST SPECIMEN TOTAL OF 10 gm TYP 


10 3. EACH 
PROGRAMING CHAN CABLE 100-CHANNEL 


200-CHANNEL 


Fig. 8—Static-test instrumentation 


No. consequence using the single-pressure 
loading systems. 

With the airplane condition, 
possible changes its position must considered 
the event structural failure during test. The 
hydraulic schematic, Fig. shows the restraining and 
catching systems which were used for the wing test. 
Horizontal movement (side, fore and aft) the 
airplane were restrained the nose and main 
landing gears. Reduction vertical up-loads, due 
wing failure, would allow the airplane settle 
upon the catching system the aft jacking installa- 
tion, nose and main landing gears. Fig. the 
black circle with the arrow outside indicates 
horizontal restraint catching point, while the 
solid-black rectangle indicates vertical restraint 
catching point (located nose gear, main gear and 
aft jacking points). The restraint and catching 
systems are called standby systems, because they 
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Fig. IBM card punch 


are usually maintained predetermined low pres- 
sures while test being conducted. 


Fuselage Internal Pressurization 


The fuselage the C-133A airplane contains 
pressurized volume 25,000 (double the volume 
the new Douglas DC-8 commercial jet airliner). 
Pressurization 8.00 psi was required during 
structural tests the fuselage. The equipment, 
safety and instrumentation installation descriptions 
follow. 

Fuselage pressurization was accomplished 
air system capable supplying 40,000 /hr psi. 
Figure schematic the basic air-pressure sys- 
tem. airflow and pressure was controlled 
diameter water standpipe was used safeguard 
against inadvertent overpressurization. The fuse- 
lage was decompressed actuating two 
which simultaneously exhausted the surge cham- 
ber and air supply line through sound muffler. 
Decompressing from 8.00 0.50 psi took approxi- 
mately sec. 


PANEL 
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Fig. 11—Electromec 


The prevention explosive decompression, due 
structural failure, was the prime consideration 
the design the fuselage test setup. reduce the 
energy stored the pressurized air, the fuselage was 
filled with combination phenolic-foam shapes and 
paper barrels which occupied 95% its volume. 
Extensive development tests were conducted 
various foam materials obtain composition which 
would not corrosive, absorb air disintegrate 
upon sudden decompression. The barrels used 
were commercial item consisting paper body 
with metal ends. small hole the metal cap 
acted pressure valve (Fig. 7). 

Personnel safety provided for the control 
room, tower and bunkers. The main control room 
located front the airplane and used for 
personnel engaged running the test and for hydrau- 
lic and electronic equipment. Four small bunkers 
for observers are located various strategic posi- 
tions around the airplane. observation tower 
located above the control room. The front walls 
all these rooms are faced with plywood and 
filled with in. sand. This capable stop- 
ping .45 caliber bullet from distance ft. 
The windows are total in. thick, being com- 
air space and then bulletproof glass. 
Remote viewing critical structure accomplished 
means closed-circuit television system. 

Determining the primary location failure 
pressure vessel usually difficult. aid this 
task, pressure transducers were mounted strate- 
gic points the fuselage and their output recorded 
oscillograph. During the critical phase the 


test, pressure-gradient recordings were obtained 
maximum oscillograph speed. 


instrumentation 


The instrumentation that presently installed 
for the static-test airplane consists approximately 
2800 strain-gage installations and 150 deflection in- 
dicators for use determining stresses and deflections 
channels can read any one test condition. 

shown the block diagram Fig. all in- 
stallations the specimen are permanently wired 
through the Intermediate Disconnect Panels (IDP) 
the input side the programming panel. The IDP 
arrangement provides convenient means for trans- 
ducer power distribution, physical grouping and for 
incorporating new installations. 

The use program boards has made consider- 
able reduction (approximately 75%) the instrumen- 
tation set-up time between tests. recording pro- 
gram simply arranged patching between the 
input and output sections the program board. 
recording channels are permanently wired the 
output section the program board. Standardizing 
resistors are permanently wired into the upper pin 
board, that all channels patched for recording 
the lower pin board are calibrated once engag- 
ing the upper patch board (Fig. 9). 

Read-out data acquired means records 
two types: (1) strip chart with series printed 
points for each channel; points are plotted for each 
load condition using the converted (2) In- 
dividual cards for each channel with printed points 
for each load condition using the Beckman. 

Read-out the Beckman accomplished the 
rate two channels per second, maximum. Both 
the above recorders operate into digitizer and 
IBM card punch. When connected, the record- 
ing rate controlled the card-punch operation 
approximately min per 100 channels (Fig. 10). 

The structural-survey strain-gage installation 
supported additional sensory instrumentation 
which includes load cells for recording and monitoring 
hydraulic-jack forces, pressure transducers, acceler- 
ometers and deflection and position transducers for 
locating the airplane the test position and for re- 
cording all types structural movement under 
load. 

The six degrees aircraft freedom are transduced 
arrangement cable-driven potentiometers 
located around the aircraft center gravity. The 
position signals are then remotely displayed con- 
ventional panel-mounted microammeters with dials 
calibrated directly degrees inches aircraft 
movement. 

need was felt for more graphic presentation 
aircraft position and, therefore, new design 
under way system synchro repeaters. 
this arrangement each degree freedom will 
represented its proper airplane silhouette which 
will moved appropriate manner syn- 
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Fig. 14—Fuselage large water tank 


Fig. 13—Fuselage over large water tank 


chro repeater. For instance, airplane height would 
presented profile silhouette moving and 
down. 

transducers divide into these groups: 
(1) large rectilinear deflections 200 in.) are 
handled cable-driven multiturn votentiometers. 
(2) Small rectilinear in.) are meas- 
ured with strain-gaged bending beams that are 
mounted the specimen cable driven from the 
specimen. (3) Angular are transduced 
small assembly that designed and built 
Douglas. consists seismic mass attached 
strain-gaged flexure. This mounted sealed 
container filled with silicon oil which provides 
damping approximately 70% critical. The 
nominal range deg with repeatable resolution 
capability 0.01 deg. 

All these devices incorporate circuit 
arrangements which produce output impedance 
that equivalent 350-ohm strain-gage bridge. 
This assures compatibility with all recording equip- 
ment. 

Read-out the converted N’s the rate 
min per 100 channels. 

Additional monitoring information available 
during the test bar-graph form the face 
special 40-channel oscilloscope (Electromec). 
present its purpose indicate percent jack- 
stroke being used, but for particular cases, may 
used monitor strain-gage installations 
critical areas (Fig. 11). 


Fuselage Pressure Testing Employing Water 


Use water pressure for testing large aircraft 
structures was initiated for the purposes safety 
and reduce structural damage failure occurs. 
Two water tanks are available for this method 
pressure testing. 

commercial oil-storage tank, diameter 
and high, was used for tests crew’s quarters 
using water pressure. Static and 
surization tests were conducted the YC-124B 
and RB/B-66 airplane nose sections this facility. 
Subsequently, similar pressure tests were conducted 
20-ft-long nose section the C-133A (Fig. 
12). 

The large water tank was installed for the purpose 
pressure testing the C-133A fuselage 13.3 psi, 
ultimate ground runup pressure. The tank 
wide, deep and 170 long with water 
capacity approximately 900,000 gal. ‘The fill 
and drain operations require total hr. After 
the fuselage was placed the tank, the main cargo 
ramp door was kept open during the water-filling 
operation and all trapped air was vented. Then 
the ramp was closed remote control and, 
means limit switches and remote lights, 
were given that the latches were closed. Safety 
devices included water standpipe and quick- 
opening doors prevent overpressurization. Cor- 
rosion protection for the fuselage was provided 


| 
Fig. 12—Fuselage nose section small water tank 
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Fig. box for fail-safe panel 


painting with light coat primer, giving all 
magnesium parts several coats chromate primer, 
lecalizing electrolysis attaching bars mag- 
nesium all steel jig attachment points and 
adding sodium dichromate the magnesium beam 
area below the floor (Figs. and 14). 

few hundred pressure cycles were run the 
fuselage after completion the ground runup 
condition. The tank was designed that the 
bottom can used test area or, with some 
modification, used for fatigue testing complete 
airplanes. 

Waterproofing the strain gages used these 
pressure tests was accomplished the following 
manner. The strain gage installed accordance 
with normal procedure. Epoxy applied over 
solder joints (none active parts gage) and 
cured with 100° 120° heat for hr. The 
area around the gage heated 100° and 
Minnesota Mining 3-C-1300 cement applied over 
the gage, extending beyond in. allowed 
cure approximately hr. EC-801 applied 
over the entire area, and worked around each wire 
for distance in. from the gage. The first 
in. wire lead are dipped EC-776 prior 
being coated with EC-801. 


Fail-safe Structural Testing 
Prop-jet Transport Airplane 


Development fail-safe structure for the C-133 
airplane was accomplished loading and testing 


various pressurized structural sections, from small 
panels full-size major sections the fuselage. 

The fail-safe criteria for the C-133A is, briefly, 
that any crack occurs the fuselage skin, 
shall not propagate farther than the minimum frame 
spacing, i.e., in. The original design the 
C-133A airplane did not cover the fail-safe concept 
but, later date, was decided apply the 
fail-safe criteria. the beginning, the main 
frames, spaced 100 in. center, were attached 
the skin, while the light frames, spaced in. 
center, were stopped inside the stringers. 

The first test was the 300-in. fuselage section 
which 20- 0.016-in. groove had been made. 
With this structure pressurized 7.53 psi and 
subjected 1.0 inertia load, crack was started 
means remotely controlled pneumatic saw 
this groove (Figs. and 16). all these 
tests the 6.55 psi operating pressure was increased 
factor 15% allow for material variations and 
dynamic effects. After 5.6 in. sawing, crack 
spread horizontally 200 in., stopping main 
frames and then progressing upward each end. 
The crack progressed the rate approximately 
800 fps. High-speed motion pictures (1400 frames 
per second) were taken during the sawing oper- 
ation. electronic grid connected oscillo- 
graph was used for monitoring the progress the 
sawing. Eventually, the addition Z-clips 
the light frames, the crack length was reduced 
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in., which met the fail-safe criteria for this 
structure. the latter case, the structure with 
25-in. crack the panel withstood the combination 
pressure and 1.5 load. Quite few pressure- 
panel tests were run before these final 300-in. 
fuselage-section tests. 

Similar pressure tests were run the fuselage 
nose section and 370-cu pressure box which 
had 10-ft test panel one side (Fig. 
(The grooving idea was only used few 
full-section tests.) High-speed motion pictures 
were taken simultaneously the inside and out- 
side some the pressure-box panels order 
study the behavior the failures. Strain gages 
were used record frame and skin stresses under 
pressure before and during the saw cutting. The 
remote camera was very useful for observing 
these tests. Various configurations skins and 
stiffeners were tested, including skin gages from 
0.040 0.080 and 75S, 24S and 14S materials. 
Frame-to-skin clips and various types and spacings 
light intermediate frames were evaluated. 


Acoustically Induced Vibration 
Prop-jet Engine 


Considerable structural fatigue damage caused 
acoustically induced vibration skin panels 
due prop-jet engine propellers. order 
study these effects, 400-in. section the C-133 
fuselage was built (Fig. 18). Stress level and 
vibration-amplitude surveys were made with the 
test section the vicinity the engine test stand. 
Approximately nine configurations, including the 
use Acoustimat tape, were investigated. 
tests were coordinated with other ground and flight 
tests well with the small-panel vibration 
tests. The final results required structural rein- 
forcements the region the propeller plane. 
All existing intermediate frames this region were 
clipped the skin, and additional transverse 
stiffeners were placed center. the up- 


per-center portion, spacing in. was used 

for transverse stiffeners. 

were clipped the skin. 
Strain-gage rosettes were installed the skin 


All transverse stiffeners 


Fig. 18—400-in. fuselage vibration section 
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order measure the dynamic stress the skin, 
These installations were recorded means 
suitable oscillograph equipment. systems were 
used for these test measurements; the system used 
was governed the frequency range. below 
130 cps, direct-current system was used with high- 
performance galvanometers. Above 130 cps, carrier 
systems were utilized order avoid reducing the 
magnitude the signals. 


Conclusions 


The the free-flight method 
testing and the safety features the single- 
pressure system loading have been pointed out. 
For combined cabin pressurization and static loads 
the complete airplane, the use air pressure 
was more convenient, provided the stored energy 
was minimized some filler medium. Pressure 
testing large components has been accomplished 
successfully means air water. 
mentation continuing increase importance 
the conduct aircraft testing. has been neces- 
sary read 700 channels given test, and 
means program boards the set-up time be- 
tween tests has been greatly reduced. The IBM 
equipment saves much time and cost solving 
loading problems, printing drawings which are 
used directly the laboratories and aiding the 
rapid reduction data. 


The Future Fatigue Tests for the 
Complete Aircraft 


For long time the merits fatigue tests for the 
complete airplane have been under consideration. 
Some foreign and domestic airplanes have under- 
gone some fairly complete fatigue-test programs. 
other cases, wide variety small and large 
component fatigue tests have been made suffice. 
There doubt that the pressurized fuselage has 
increased the emphasis fatigue testing. the 
present time, certain military services have extremely 
large fatigue programs effect being negotiated 
with the aircraft industry. typical large program 
could composed the following: 

laboratory fatigue test the complete 
airplane subjected air and ground-load spec- 
trum. 

flight-test airplane with calibrated wings, 
empennage, fuselage and landing gear with complete 
instrumentation for determining loads 
during landing and taxiing. 

Limited load-recording instrumentation 
fleet sampling these airplanes order gather 
service data flight. 

extensive analytical program for studying 
all these data and developing improved criteria. 

One the greatest challenges now being faced 
test engineers the prediction structural 
failures. Basically, the problem that being 
able stop test, which progress, fraction 
second before failure occurs. 
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Effect Upon Shock Spectra the 


Dynamic Reaction Structures 


Overconservatism design resulting from incorrect usage shock spectra 
verified series controlled shock experiments the laboratory 


George O’Hara 


ABSTRACT—Attempts use fiducial limit curves 
set classes shock spectra basis for the design 
structures have shown that the design spectra obtained 
the combinatorial analysis many shock spectra 
tend overconservative. This paper presents 
possible explanation for this. exhibits some experi- 
mental evidence show that the values interest 
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shock spectrum plot tend lie the valleys that plot 
and not upon the peaks, whereas fiducial limit curves are 
controlled the peaks the individual shock spectra. 


Introduction 


The concept shock spectra aid the descrip- 
tion and analysis mechanical shock has been used 
with varying degrees success for many 
shock spectrum the plot the maximum 
absolute values relative displacements, times scal- 
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ing factors desired, set either damped 
undamped massless single degree freedom oscilla- 
tors which have been subjected shock motion. 
These values are plotted function the natural 
frequencies the simple oscillators. The graphs 
can constructed with units displacement, ve- 
locity, equivalent static acceleration, the choice 
the scaling factors; unity, respectively, 
where the undamped angular frequency each 
individual shock spectra used 
with normal-mode theory structural analysis are 
those which are valid for the foundation the struc- 
ture. Shock spectra may obtained elsewhere, 
but these can used only with difficulty. 

Some difficulty has been experienced workers 
this field applying these spectra for design pur- 
poses because the overconservative assumptions 
generally made when some sort combinatorial 
analysis has been used provide spectrum repre- 
senting many shocks roughly similar equipments 
and foundations. This spectrum frequently taken 
the envelope the maximum values the in- 
dividual spectra. The major assumption currently 
employed the use shock spectra that the 
spectra for the same classes shock are unaffected 
variations the stiffness structure being sub- 
jected shock long the weight the structure 
remains reasonably close that for which the experi- 
mental shock spectra were obtained. also 
generally assumed that, over wide range pos- 
sible shocks these structures, the severest condi- 
tion which structure would ever subjected 
the envelope the maxima all possible shock 
spectra some lesser value determined the use 
statistical fiducial limit These assump- 
tions usually define shock spectrum which 
severe that few structures can withstand the shock 
described the spectrum. 

popular type combinatorial analysis first 
form classes shock excitation and sub- 
divide these classes into groups according weight 
and location. These spectral classes then form 
loosely correlated groups from which might 
possible define more specific sets shock spectra. 
Often, maxima individual groups are plotted 
separate graphs (fly-speck style) and fiducial limit 
curves drawn. has been noted the past‘ that 
shock spectra obtained this way define shock 


TABLE 1—MAJOR STRUCTURAL PART SIZES 

AND PURPOSES 

Approximate 


Part Size, in. weight, Purpose 
bility 


control weight 
Mounting pad 
Gussett 


which extremely severe (for, say, 90% fiducial 
limit curve) and that few structures could withstand 
such shock. obvious that something wrong 
with such type analysis because most structures 
which were place during field trials for which 
shock spectra were obtained survived, whereas 
methods design that made use these shock- 
spectra data indicated that they should have failed. 

Attention was therefore focused upon this prob- 
lem, and was noted that structures nonrigid 
foundations feed back forces into the foundation 
which affect this motion such fashion that the 
spectrum values major interest for shock tend 
lie the region valley rather than the vicinity 
peak the plotted spectrum.’ This has been 
called and experiments 
verify its presence have been made. rough under- 
standing why the valleys represent the most 
significant shock-spectrum values can obtained 
noting that the valleys normally occur fre- 
quencies corresponding normal modes vibra- 
tion the equipment under test. The equipment 
acts dynamic-vibration absorber for shock 
motions having these frequency components and 
therefore causes shock-spectrum dips these fre- 
quencies. 


Plan Experiment 


This experiment was performed study the effect 
changes structural parameters such mass 
and stiffness upon shock spectra. Hence, model 
structure (Figs. and was designed and built 
such manner that was possible change mark- 
edly the stiffness this structure without changing 
its mass, that spectra could provided for the 
same structural weight. Also, with this model 
structure, was possible change the mass while 
retaining the same stiffness, that the effects 
varying this parameter could obtained. 

The experimental records obtained from velocity 
pickups were converted velocity shock spectra. 
was believed that sharp local downward variations 
shock-spectrum values would occur the region 
fixed-base natural frequencies the structure. 
was the purpose this experiment expose the 
spectrum dips, correlate them with fixed-base 
natural frequencies and show that the dips 
rather than the peak values shock spectra are 
major importance design techniques using shock 
spectra, because type analysis which gives 
equal weight all points the shock spectra 
will produce overconservative result. 


Description Equipment 


The structure was mounted the Navy medium- 
weight high-impact shock The shock- 
machine hammer was dropped from given height. 
that the primary shock excitation given the 
anvil was controlled. The resulting data were ana- 
lyzed the Narec digital computer). Both 
facilities are located NRL. Besides the shock 
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Fig. 2—Approximate scale drawing model structure 


machine, the test equipment consisted model 
structure, velocity meters, oscilloscopes and camera 
recording equipment. The reed gages and strain 
gages visible Fig. were for purposes not connected 
with this paper. 

The model structure (Figs. and was mounted 
solid steel block, which was the foundation 
the test structure. This block was, turn, 
mounted car building channels which were 
connected the shock-machine table. was possi- 
ble change the carried the structure 
using different combinations parts and 
was also possible change the the 
structure moving blocks into intermediate 
position between the ends beams and the center 
the structure. Table list part sizes and 
weights for the frame. All the material was steel. 
There are some minor parts along with nuts, bolts, 
taper pins, etc., which are not delineated this 
paper. 

The velocity-meter signal was presented 
cathode-ray oscilloscope and photographed 
moving-film type camera give trace founda- 
tion velocity function time. 


HAMMER 


Fig. 3—Schematic shock-transfer system 


Description Experiment 


The shock machine was used two occasions 
create set twelve shocks; the excitation for each 
shock was maintained uniform intensity 
dropping the hammer from the same height in.) 
for each test. For each shock, the weight and stiff- 
ness the test frame were changed that range 
frame conditions, i.e., stiffness and mass, could 
subjected approximately the same hammer drop. 

For the remainder this paper, 
refers Blocks (Fig. the extended position, 
and refers these blocks the 
intermediate stiffer position (where the short 
bolts are shown Beams Fig. weight 
series was varied changing the “load” top 
Beam follows: Weight consisted Block 
Weight consisted Blocks and E,; Weight 
consisted Blocks and Weight consisted 
Blocks C,, and E,; Weight consisted Blocks 
C,, C;; Weight consisted Blocks C2, 
and addition, reed gage (approximately 
was top the stack weights for each 
blow. The weights and C;, are each equal 
and approximately one-half the weight 
the description these tests important 
figuration II, Weight for example, both have the 
same mass, but different stiffnesses. 

The total change weight from Weight 
Weight only amounted approximately 
The frame and foundation (including velocity meters 
and reed gages) had minimum weight about 
440 and, therefore, maximum weight about 
525 The total weight, including the shock- 
machine table, side rails, car building channels and 
frame, was excess 5000 lb. The shock was 
transmitted the complete structure means 
the hammer impact upon the anvil (Fig. 3). 


Analysis Model Structure 


The structure was analyzed, with the aid the 
Narec, the method influence coefficients and 
matrix for the first four mode shapes 
and natural frequencies each the twelve con- 
figuration and weight combinations. Figure shows 
schematic representation the lumped mass sys- 
tem which was used approximate the real system. 
taking advantage the symmetry, 
was only necessary calculate 
influence coefficients for either position. 
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Fig. 4—Schematic lumped-mass system 


The response showed that the partici- 
pation factors were zero for the symmetric modes 
and all cases, that they could not 
excited the type motion assumed for this experi- 
ment. was decided that the natural frequencies 
the fundamental modes for the frame with all 
weights and positions should found experimentally. 
The system foundation was welded steel bar 
rigid foundation possible, and the natural fre- 
quency each configuration and weight combina- 
tion was found examination the record the 
response light mallet blow. These experimental 
results were the ones used. 

The effective mass acting each mode was cal- 


SHOCK SPECTRA - 3 INCH BLOW 
CONFIGURATIONS I & IT 
WEIGHT 4 


CONFIGURATION I 


CONFIGURATION II 


VELOCITY UNITS (FEET PER SECOND) 


CONFIGURATION IT 


o- FH HN 


° 


50 100 150 200 250 300 350 400 450 500 


FREQUENCY (CYCLES PER SECOND ) 


weight 3-in. blow 


TABLE 2—SUMMARY MODE ANALYSIS RESULTS 


Nat. Nat. 
Nat. freq., freq., 
Configuration freq., calcu- Mass calcu- Mass 
and weight test, mode, 
combination cps cps % cps % 
Configuration 
Weight 92.1 242 5.6 
Weight 92.0 235 5.9 
Weight 92.1 230 6.0 
Weight 92.3 227 5.9 
Weight 92.6 224 5.8 
Weight 92.8 223 5.6 
Configuration 
Weight 186* 151 92.9 421 
Weight 177* 143 92.6 409 6.1 
164* 134 92.6 401 6.2 
Weight 153* 125 92.8 395 6.1 
Weight 142* 119 92.9 391 6.1 
Weight 134* 113 93.2 389 


noted that the finite size the separating blocks 
caused larger errors to appear in the computation of the modal 
parameters for Configuration than for Configuration 
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Fig. spectra Configurations and Il, 


and was noted that, effective mass 
mode was the cause the shock spectrum dip, 
then perhaps only mode would show it, because 


° 50 100 150 200 250 300 350 400 450 500 


vA 
q 
q 
M M 
q 
a 
q 
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25 25 
15 


all cases over 92% the mass was acting that ordinates are feet per second, and the abscissa 
mode, whereas the next mode only the mass have scales cycles per second. The symbols are 
was effective. Table brief summary the follows: the first fixed-base natural frequency 
analysis results. for Configuration the third fixed-base natural 
frequency for Configuration the first fixed-base 
natural frequency for Configuration the third 


Experimental Results 


Spectrum Values Interest 


the purpose each the shock spectra (of TABLE VALUES 
which only four are shown Figs. and but all 
ode 


are shown Figs. and was find approxi- Nat. freq., Spectrum 
mation the stress any location, then each combination cps value, fps cps value, fps 
case there would have been only two values interest Configuration 
each spectra. This because the structure was Weight 3.48 242 2.60 
essentially system with two degrees freedom Weight 3.43 235 2.83 
(see Table 2). The two values interest would Weight 2.71 230 2.97 
the fixed-base natural frequencies the structure. Weight 2.63 227 2.62 
These spectrum values (indicated dot marks Weight 2.41 224 3.13 
each the spectra, Figs. and are compiled and Weight 2.50 223 2.91 
presented Table seen that these spectrum Configuration 
values vary from maximum 3.48 fps down 1.00 Weight 186 2.47 421 1.00 
fps and tend fall off magnitude the frequency Weight 2.37 409 2.64 
Weight 164 2.51 401 1.65 
all the spectra this paper, the values the Weight 134 2.22 389 1.33 
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Fig. 7—Composite shock spectra Configuration Fig. shock spectra Configuration II, 
3-in. blow 3-in. blow 
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MAXIMUM AND MINIMUM ENVELOPES 
OF ALL SHOCK SPECTRA - 3 INCH BLOW 


20 


MAXIMUM 
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400 450 


Fig. and minimum envelopes all 
shock spectra, 3-in. blow 


fixed-base natural frequency for Configuration and 
the dots these frequencies represent the spec- 
trum values given Table 

Recall that Configurations and are identical 
mass for given weight number but differ stiffness, 
and this the major reason for the differences 
the respective shock spectra. The assumption 
that stiffness need not considered predicting 
shock spectra can lead grave inaccuracy, the 
following example illustrates. Suppose the shock 
spectrum Configuration Fig. were taken 
the basis for prediction the shock spectrum 
structure having the same mass but greater stiff- 
ness, stiffness causing the frequency Mode 
153 cps, and suppose that this greater stiffness was 
considered unimportant such prediction. Then 
would predicted that the shock spectrum the 
stiffer system should have ordinate 15.5 fps 
153 cps. The experimental shock spectrum for 
Configuration provides the test for the correctness 
this prediction. has ordinate 2.2 fps in- 
stead the predicted 15.5 fps 153 cps. struc- 
tural member Configuration made according 
the prediction would have been overdesigned 
the factor =7. 

Again, the shock spectrum Configuration 
had been taken the basis for design and prediction 


the shock spectrum less stiff assembly, specifi- 
cally one with cps and the stiffness differ- 
ence had been assumed unimportant above, the 
predicted ordinate would have been 4.7 fps com- 
pared with the observed 2.6 fps cps, giving 
overdesign factor 1.8. 

each figure examined this fashion, will 
noted that this effect overdesign present for any 
system having different fundamental frequency 
from that the system present when the shock-spec- 
trum data were obtained. will also noted that 
the spectrum values interest, i.e., those for fre- 
quencies corresponding fixed-base frequencies 
the system tested, tend lie valleys and not 
peaks the shock spectra. 

Figures and are composites all shock spectra 
for Configuration and for Configuration respec- 
tively. The dots represent the velocity shock-spec- 
trum values interest stress calculations. Qual- 
itatively speaking, possible say that these 
values interest did not occur large peaks. 

Points interest Fig. include: 

interest for the fundamental natural frequency was 
between and cps. 

There set large peaks velocity the 
region 125 190 cps which are times higher 
than most the shock spectrum values interest. 

The spectra had the same general shape but 
tended displaced frequency-wise. 

Points interest Fig. include: 

All spectrum values corresponding the 
first fixed-base natural frequency the frame were 
between 134 and 186 cps, and the spectrum values for 
the other natural frequency were between 389 and 
421 cps. 

There are two sets individual peaks, one 
between and 150 cps and one between 175 and 225 
cps. 

The spectra have the same general shape but 
tend displaced frequency-wise. 

these spectra which might made. The upper 
curve the envelope the maximum values all 
the shock spectra for this and 
the lower line the envelope the minimum values. 
can easily seen that the shock-spectrum values 
interest tend lie nearer the minimum line than 
the maximum one, combinatorial analysis that 
takes the peaks into account would produce spectra 
which are too severe. 


Discussion 


has been demonstrated this set experi- 
mental tests that, even for the same shock-generat- 
ing system and weight test structure, the shock 
spectra obtained are extremely sensitive the fre- 
quencies the test structure being considered. 
The shock-spectrum peaks are undoubtedly caused 
the natural frequencies the system 
and these not correspond the fixed-base natural 
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TABLE RECORDED AND PREDICTED 
PEAKS SHOCK SPECTRA FOR 3-IN. BLOW 


Configuration Frequency major Peak frequency 
and weight component velocity shock spectrum, 


combination record, cps cps 
Configuration 
Weight 136 147 
Weight 140 138 
Weight 143 152 
Weight 143 147 
Weight 140 154 
Weight 143 154 
Configuration 
Weight 103 112 
Weight 100 104 
Weight 
Weight 102 
Weight 
Weight 


frequencies the structure for which the spectra 
represent the foundation motion effect. 

Figure represents typical foundation velocity 
record obtained during the test. The top record 
the one question. can seen after the initial 
impulse, there type motion which suggests 
that natural frequencies could obtained from the 
records. must remembered that these were 
obtained while the whole system (anvil, table, 
channels, model, etc.) was motion, and will there- 
fore show the coupled natural frequencies. Hence, 
the observed frequencies will not, general, corre- 
spond the fixed-base natural frequencies the 
model structure. the velocity-meter 
record, the Duhamel integral 


will have large values those frequencies which 
coincide with the frequencies present 
presents comparison the predicted frequencies 
where these peaks would occur and where they 
actually did occur. 

has also been shown that valleys tend appear 
the region spectrum locations for fixed-base 
natural frequencies, and that these valleys rather 
than the peaks tend control the stresses 
structure. Analysis large group spectra, 
wherein the peaks are statistically combined with the 


« 


Fig. meter record, Configuration 


rest the data point equal weight more, 
would give false impression the severity 
set shocks. That is, when fiducial limit curves are 
computed using values regardless whether they 
correspond the tested structure not, then the 
high peaks practically determine such 
limit curve and, therefore, the resulting curve 
not all representative the spectrum values useful 
design. 

the analysis the data this experiment not 
much has been said the upper frequency range, but 
attention has been focused upon the first fixed-base 
natural frequency the frame each instance. 
The reasons for doing this are the following: 

Only about the available mass was 
Mode III, making relatively ineffective reducing 
the spectra level. 

The size time increment chosen for the 
numerical-integration technique and the appearance 
Figs. and seem indicate that perhaps only 
spectrum values below 350 375 cps are reliable. 

difficult calculate natural frequencies 
the upper frequency range with the precision re- 
quired for discerning valley. For example +5% 
error cps only cps, for bandwidth 
possible values cps for that frequency, while 

+5% 400 cps +20 for bandwidth possi- 
ble values cps. 

The system was slightly nonlinear for large 
amplitudes. 


Conclusions 


The potentially extreme overconservatism 
design resulting from incorrect usage shock spectra 
was verified series controlled shock experi- 
ments the laboratory. 

The distinction between the shock-spectrum 
values fixed-base natural frequencies equip- 
ment and natural frequencies the complete 
equipment-foundation system was demonstrated. 
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Stresses Nozzle Connections Pressure Vessels 


The techniques and methods used analyzing three insert-type nozzles 


when loaded internal pressure are reported and discussed 


Donald Hardenbergh 


ABSTRACT—The presence nozzle pressure vessel 
creates region increased localized stress the 
vicinity the opening. purpose this study 
provide experimental data which show the general state 
stress nozzle openings. This paper report the 
techniques and methods used analyzing three insert- 
type nozzles when loaded internal pressure. 


Notations 


distance from the junction the nozzle and the 
branch pipe, measured along the curve formed 
from the intersection plane and the exterior 
interior surfaces the vessel. Positive taken 
below the intersection. 


Donald E. Hardenbergh is Associate Professor of Engineering Mechanics, 
The Pennsylvania State University, University Park, Pa. 
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angle between the longitudinal vertical plane 
deg) the vessel and any other vertical plane 
passing through the axis the branch pipe. 


angle between the plane and the direction the 
stress measured toward the plane 


principal normal stress within the surface tested 
that acts direction making the angle with 
respect the plane. all planes except the 
90, 180 and 270-deg planes, this will always the 
maximum principal stress. 


principal normal stress within the surface tested 
that perpendicular the principal normal stress 
Inall planes except the 90, 180 and 270-deg 
planes, this will the minimum principal stress. 


principal shear exterior and interior surface. 
calculated from 


some cases this not the maximum shear the 
point, being less than 


Introduction 


One the limitations upon the use higher allow- 
able membrane stresses pressure vessels the 
existence stress intensifications nozzle outlets. 
general premise, the ASME Boiler and Pressure 
Vessel Code assumes that adequate reinforcing the 
vicinity nozzle openings control against 
over stressing the connection. Furthermore, the 
Code specifies the amount reinforcement that 
required the vessel subjected internal pres- 
sure. However, internal pressure only one 
many loading conditions that are operative 
nozzle connection, and some combination loads 
that will give rise the most serious stress condi- 
tion. The complex geometry reinforced nozzle 


TABLE 1—DESCRIPTION VESSELS 
AND BRANCH PIPES 


Inside diameter main shell, in. 
Thickness main shell, in. 
Inside diameter branch pipe, in. 
Thickness branch shell, in. 0.432 
Length main vessel, 
Length branch pipes, 
Modulus elasticity material shell, psi 
Yield stress material shell, psi 38.0 
Poisson’s ratio 0.286 


e 
r= 
w 
41% 
a|\288 
a 


Fig. 2—Electrical-resistance strain-gage instrumentation exterior surface nozzle 


connection makes theoretical stress analysis the 
structure impractical, and designers branch con- 
nections have been forced rely 
mental test results and the Boiler Code the basis 
for their judgments for safe design connection. 

Realizing that more experimental data are neces- 

sary approach optimum shape for any specified 
type and size outlet contained pressure vessel, 
the Pressure Vessel Research Committee the 
Welding Research Council initiated research pro- 
gram which concerned directly with the reinforce- 
ment problem branch connections. program 
was divided into three separate but coordinated 
investigations: 

(a) Theoretical study the problem. 

(6) Experimental stress analyses models 
vessels and connections three-dimensional 
methods. 

(c) Experimental stress full-scale, steel 
models vessels and connections electrical- 
resistance strain gages. 

Some the work already completed the photo- 
elastic studies has been presented 

This paper report the techniques used and 

some results obtained testing the full-scale models. 
Results are reported three insert-type nozzles 
subjected internal pressure. The work was per- 
formed The Pennsylvania State University and had 


the financial sponsorship the United States Atomic 
Energy Commission. 


Description Nozzles Tested 


The three nozzles tested were fabricated from 
105-GR steel (ASTM designation), heat treated 
and welded into cylindrical shells. The axes the 
branch connections and attached branch pipes are 
perpendicular the axis the main shell. 

The dimensions the vessels and connections are 
listed Table along with the mechanical proper- 
ties the material the main shell. Figure isa 
comparison the shapes the outlets showing 
the different ways the reinforcing materials dis- 
tributed around the nozzles. 


Strain-gage Layout and Testing Procedure 


The strain gages that were used the instrumenta- 
tion were SR-4 Type A-18 electrical-resistance strain 
gages. gages were placed both the exterior 
and interior surfaces and the instrumentation was 
concentrated one quadrant each opening. 
Additional gages were installed points remote 
from the nozzles order compare experimental 
results with predicted stresses theoretical methods. 
These additional gages were SR-4, AX5-1 two-element 
rosettes. 
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TABLE 2—TEST RESULTS FOR NOZZLE 
EXTERIOR SURFACE 


Rosette > -—For 1000 psi pressure—. 
deg No. in. oi, ksi o2, ksi t, ksi deg 
0.00 7.4 6.4 0.5 
1.25 0.9 1.3 
2.30 —0.8 —2.6 0.9 
3.35 0.3 —2.2 1.3 
5.41 8.7 8.3 0.2 
6.77 8.2 1.4 
8.18 7.8 4.7 1.6 
9.91 4.4 1.4 
0.00 7.2 4.6 
1.18 1.1 —2.1 1.6 
3.30 0.4 —1.8 
5.48 8.6 5.6 144 
6.94 6.4 3.4 1.5 121 
8.41 7.9 4.2 1.8 123 
9.88 8.1 3.9 118 
—1.25 6.7 3.6 1.6 
0.00 6.5 4.3 
5.81 11.2 4.7 3.2 152 
10.8 3.8 142 
8.80 9.4 3.2 140 
10.31 7.8 2.8 140 
—1.25 6.4 2.4 2.0 
0.00 6.3 2.6 1.8 
1.27 2.3 —3.2 
4.84 4.2 0.5 1.8 
6.36 13.1 6.0 3.6 159 
7.91 11.8 6.0 2.9 156 
9.43 8.4 3.6 2.4 151 
10.92 6.4 3.0 1.7 152 
—1.25 6.2 2.2 2.0 
1.25 2.8 —3.0 2.9 
3.37 2.9 —1.8 2.4 
4.90 —0.2 2.0 
6.38 9.6 14.4 —2.4 
7.89 9.4 13.2 —1.9 
10.95 7.7 —1.2 


Two-element rosettes were installed the planes 
symmetry through the branch connections, 
deg and =90 (transverse) deg planes, 
while three-element rectangular rosettes were ap- 
plied all intervening planes and 
deg). The technique installing the rosettes 
was first prepare rosette reverse thin 
cellophane using small amount rubber cement 
hold each element the cellophane. The entire 
rosette was then transferred the surface 
the nozzle with Duco cement the bonding agent. 
Rosettes were orientated that one element was 
the plane which contained the axis the branch pipe, 
thus providing convenient reference for reporting 
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TABLE 3—TEST RESULTS FOR NOZZLE 
INTERIOR SURFACE 


deg No. in. oi, ksi o2, ksi tr, ksi deg 
0.00 7.8 5.2 1.3 
2.56 7.5 5.0 1.3 
8.16 12.0 3.8 4.1 
10.94 9.8 5.5 2.2 
12.73 9.8 5.7 2.0 
—1.25 7.8 3.6 2.1 
0.00 8.0 4.9 1.6 103 
1.19 6.9 0.8 18* 
2.54 7.8 6.5 0.7 
10.78 8.0 3.2 
12.49 8.6 4.3 2.2 
0.00 8.8 5.7 1.6 
24A 4.10 10.3 2.3 4.0 
0.00 6.9 2.5 2.2 
—1.25 7.6 2.3 2.7 
0.00 6.1 0.9 2.6 
6.40 3.8 2.0 0.9 
12.01 4.6 11.7 —3.6 


the direction the principal stresses. Both lead 
wires from the gages were brought strain-gage 
connectors. 

Figure photograph the complete instru- 
mentation the exterior surface nozzle 
gage was attached the interior surface radially 
opposite each exterior strain gage—this resulted 
total between 220 and 250 gages one quadrant 
each nozzle. 

conducting the tests under internal pressure. 
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TABLE 4—TEST RESULTS FOR NOZZLE 
EXTERIOR SURFACE 


B Rosette Ss, -—For 1000 psi pressure—. ; 
deg No. in. o1, ksi o2, kSi tr, ksi deg 
—1.25 6.8 4.7 1.0 

0.00 6.0 0.6 

1.18 0.8 —1.2 1.0 

2.50 —0.8 —2.0 0.6 

3.60 0.5 —1.6 1.0 

5.26 6.2 0.4 

9.78 6.3 4.2 1.0 

—1.25 6.4 4.8 0.8 
0.00 5.4 3.8 0.8 

1.18 0.9 —1.6 

2.45 —0.4 —2.1 0.8 

3.75 0.9 —1.5 

5.27 7.8 4.5 1.6 129 

7.50 3.6 2.0 122 

9.77 8.0 4.0 2.0 120 

0.00 5.9 2.6 1.6 

2.64 0.4 1.6 

4.12 1.9 —0.9 1.4 

5.44 10.2 174 

7.67 10.0 3.0 3.5 173 

9.98 9.3 3.0 172 

0.00 1.9 1.6 

1.15 3.4 —1.2 2.3 

3.00 2.6 —2.6 2.6 

4.77 2.4 109 

5.80 13.0 6.8 162 

8.00 11.9 5.4 153 

10.30 8.6 4.3 2.2 150 

—1.25 6.8 1.8 2.5 
0.00 6.1 1.4 

1.24 3.6 —1.6 2.6 

3.06 —2.0 2.8 

5.00 6.0 1.2 

6.24 10.1 16.7 

8.45 8.0 11.4 

10.72 8.0 —1.4 


between and gages were selected for each run 
and they were wired into conventional SR-4 strain- 
indicator circuit conjunction with 50-terminal 
switching box. different dummy gage was used 
for each group gages. Each dummy gage 
was first tested with the dummy block subjected 
hydrostatic pressure 1500 psi. Only those 
gages were used dummy gages which gave results 
that agreed with the theoretical strain predicted 
from the bulk modulus equation, 


Dummy gages were placed inside the vessel use 
the circuits with the interior active gages. 

The testing procedure consisted first taking 
strain-indicator reading zero pressure and then 
measuring strains five equally spaced pressure 
levels which were 1000, 800, 600, 400, and 200 psi. 
Immediately after the completion these tests, an- 
other set readings zero pressure was taken. 
Data were accepted reliable measures strain if: 


Fig. 3—Principal stress for internal pressure 


Fig. 4—Principal stress for internal pressure 


(a) The final reading zero pressure agreed 
within microinches with the initial zero 
reading. 

(6) The indicator reading for the five pressure 
levels and zero reading plotted linearly with 
pressure. 

either these conditions were not met, second 
set strain readings were taken for the erroneous 
gage. the same unreliable characteristics were 
observed the second run, the gage was replaced. 


Calculation Principal Stresses 


The magnitude the principal stresses and their 
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TABLE 5—TEST RESULTS FOR NOZZLE 
INTERIOR SURFACE 


B Rosette De -—For 1000 psi pressure— ¢, 
deg oO. in. o1, ksi o2, ksi r, ksi deg 

0.0 6.6 4.5 1.0 
2.50 8.1 6.0 1.0 
5.80 19.2 5.2 7.0 
12.57 7.8 5.3 1.2 
—1.25 5.9 3.8 1.0 191 
1.17 7.3 5.4 1.0 163* 
2.62 7.4 4.8 
4.03 11.9 0.0 6.0 
14B 5.91 19.0 3.6 105 
8.00 11.5 4.2 3.6 108 
10.18 8.6 3.7 2.5 113 
12.47 8.8 4.8 2.0 117 
—1.25 7.2 2.6 2.3 
0.00 7.3 3.3 2.0 
1.15 4.9 4.3 0.3 
2.65 5.4 3.5 2.0 
24B 6.14 10.0 0.7 4.6 107 
7.62 9.4 2.0 3.7 111 
9.77 6.7 3.7 1.5 130 
11.81 8.7 2.6 142 
—1.25 8.8 2.8 3.0 
0.00 8.1 2.1 3.0 103 
1.14 6.1 4.8 0.7 111* 
2.73 1.9 0.8 115 
34A 4.14 3.8 —0.3 2.0 
34B 6.23 1.0 3.1 121 
7.50 0.0 2.6 118 
9.50 5.6 3.2 156 
11.61 8.9 4.2 2.3 174 
0.00 7.7 1.8 3.0 
44A 4.35 1.7 0.8 0.4 
44B 6.32 4.2 1.0 
7.80 1.4 —0.6 1.0 
9.80 3.0 5.4 —1.2 


directions were calculated from the conventional 
strain rosette equations which are derived from the 
theory combined has been reported 
Baumberger that the A-18 type elec- 
trical-resistance strain gage exhibits tranverse 
sensitivity equal —2.0%. When this transverse 
sensitivity correction introduced into the general 
equation the results are the following expressions: 


Three-element rectangular rosette 
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TABLE 6—TEST RESULTS FOR NOZZLE 


EXTERIOR SURFACE 


deg No. in. o1, ksi a2, ksi tr, ksi deg 

1.56 5.0 0.0 

6.68 6.9 6.0 0.4 

0.00 5.9 3.6 1.2 
1.50 4.9 4.3 0.3 50* 

4.05 1.0 0.9 107 

8.56 7.6 3.8 1.9 

6.4 3.3 1.5 

3.4 2.5 144 

9.09 8.5 3.0 

0.00 6.2 2.2 

1.55 5.3 0.8 2.2 

0.3 1.8 104 

9.00 8.8 4.3 154 

11.50 8.0 3.9 2.0 158 

7.94 6.6 10.4 


Subject large error because 


where A= and B = 20 + ») 


Two-element rosette 


Calculating the principal stresses from either (1) 
(2) not, itself, difficult. this study, how- 
ever, the volume calculations that were required 
made the job overburdening and digital computer 
was used for all calculations. Furthermore, the 
repetitive nature the calculation made the digital 
computer economical machine for this purpose. 

writing the program for the digital computer, 
was decided take advantage any statistical re- 
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TABLE 7—TEST RESULTS FOR NOZZLE 
INTERIOR SURFACE 


B, Rosette Ss, -—For 1000 psi pressure— 
deg No. in. ksi KSi t, ksi deg 


—1.25 6.0 1.4 
0.00 5.0 
1.57 5.0 
2.75 10.6 
12.8 
5.40 19.6 


9.29 
11.23 


—1.25 
0.00 
1.57 


2.84 
4.13 
5.56 
7.32 
9.10 
11.04 


—1.25 
0.00 
1.57 
2.75 
4.16 
5.62 


of C 


7.30 
9.13 
11.02 


—1.25 
0.00 
1.57 
2.88 
4.28 
6.00 
8.11 

10.36 
12.65 


—1.25 
0.00 
1.57 
2.94 
4.34 
6.10 
8.20 

10.34 
12.53 


NR Pro AWN PND SWW WEN NWW 
WOM CONN O ODD NAN THO DOWN BW 


finement that could added the calculations. 
Because the known linear relationship between 
the strain-indicator readings and pressure, least- 
square regression was fit the set indicator read- 
ings taken each strain-gage element. From the 
resulting linear equation, unit strain each gage 
location was calculated for pressure 1000 psi. 
Finally, these statistically improved unit strains were 
introduced eqs (1) and (2). 


Results 


The principal normal stresses and principal shear 
stresses the exterior and interior surfaces the 
three insert nozzles are listed Tables through 
Plots these stresses for nozzle along the two 


Fig. 5—Principal stress for internal pressure 


Fig. stress for internal pressure 


planes symmetry appear Figs. through 
From these tables and plots the following are ob- 
served: 

The magnitudes, locations and direction the 
largest measured principal stresses were the same for 
the three nozzles tested. 

The largest measured principal stress was 
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TABLE 8—STRESSES EXTERIOR SURFACE POINTS REMOTE FROM NOZZLES 


Vessel No. Location Experimental Theoretical Experimental Theoretical 
Main shell 
101 Top 7.8 8.5 4.3 4.3 
102 Side 8.2 8.5 4.4 4.3 
103 Side 8.8 8.5 4.7 4.3 
Main shell 
101 Top 7.0 8.5 4.3 
102 Side 10.0 8.5 5.4 4.3 
103 Side 10.2 8.5 4.3 
Nozzle 
Nozzle 
Nozzle 
Odeg 7.2 6.2 3.8 
7.3 6.2 3.9 3.1 
deg 6.8 6.2 3.5 3.1 


located the interior surface the longitudinal 
plane the main shell. Its location this plane 
was the inner corner and its direction was 
circumferential the main shell the cylindrical 
vessel. 

was previously mentioned that gages were 
located points the vessels and branch pipes 
remote from the nozzles. These were installed 
provide comparison between experimental and 
theoretical stresses. Table shows these results. 

Evaluation these nozzles being deferred the 
Pressure Vessel Research Committee until later 
date when the effects external loads applied 
the branch pipes will available. 
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Photoelasto-plastic Studies 


Brittle Fracture High-polymer Solids 


simple photoelasto-plastic method for the determination stress-concentration 
factors plane-elasticity problems suggested the basis experimental results 


Katsuhiko Ito 


ABSTRACT—The mechanism brittle fracture high- 
polymer solids experimentally investigated under one- 
two-dimensional stress states new photoelasto- 
plastic method suggested the author. The applica- 
tion the photoelasto-plastic method the brittle- 
fracture problem based the principle that breaking 
stress can computed brittle fracture the measure- 
ment the fringe order isochromatic lines 
fracture point. 

Bending under three-point and four-point loads, and 
the plane problems, some having stress concentration and 
others being under contacting load, are examined 
using rigid polyester cast resin containing styrol 
model specimen; and, conclusion, the brittle fracture 
high-polymer solids under one- two-dimensional stress 
states decided the constant tensile stress, whose 
magnitude depends only upon the material used 
model specimen, and larger than its ultimate tensile 
strength. 

Many kinds factors fracture are defined, and 
stress-concentration factors fracture are compared 
with stress-concentration factors elasticity. new 
photoelasto-plastic simple method for the determination 
stress-concentration factors elasticity suggested 
utilization the experimental results this brittle 
fracture high-polymer solids and examined the 
perforated plane problem having finite width under 
tension comparison with theoretical analysis and the 
experimental results other measuring methods. 


Nomenclature 

fringe order isochromatic line, F.O. 

polarized light, 

fracture fringe order fracture point 


test specimen, 
thickness plate test specimen, mm. 


breaking bending moment, Kg/mm. 

extreme fiber stress fracture measured 
photoelasto-plastic method, 

cal extreme fiber stress fracture computed 
from breaking bending moment, 

ultimate tensile strength test specimen, 

ultimate compressive strength test speci- 


men, 


Katsuhiko Ito was Research Associate, Division of Engineering, Brown 
Univ., Providence, R. I., and is now associated with the Institute of Physi- 
cal & Chemical Research, Bunkyo-ku, Tokyo, Japan. 


Paper was presented by title at the 1958 SESA Annual Meeting held in 
Albany, N. Y., on November 12-14. 


distance between two supports for beam 
three-point bending, mm. 

perforated-plate specimen, 

initial length specimen, mm. 

initial width specimen, mm. 

rated-plate specimen, mm. 

apparent compressive stress and strain for 
perforated-plate specimen, computed the 
basis the cross-sectional area without 
hole, 

applied load, Kg. 

mean compressive stress plate specimen 
the cross section without hole, 

mean compressive stress plate specimen 
the cross section without hole frac- 
ture, 

fracture stress fracture point plate 


specimen under compressive load, measured 
photoelasto-plastic method, 
factor elasticity points and 
respectively, for perforated specimen under 
uniform tension, computed the basis 
mean stress the cross section with hole. 


factor elasticity points and 
respectively, for perforated specimen under 
uniform tension, computed the basis 
mean stress the cross section without 


hole. 
maximum fringe order isochromatic lines, 
F.O. 
diameter circular, load-carrying pin, mm. 
fracture stress fracture point plate 


specimen under tensile load, measured 
photoelasto-plastic method, 


mean tensile stress plate specimen the 


FBm = 

cross section without hole, fracture, 

breaking load, Kg. 

breaking tensile load, Kg. 

Introduction 


The study the fracture mechanism for high-poly- 
mer solids very important because their practi- 
cal applications industry. The problem com- 
plicated and difficult analyze since fracture mecha- 
nisms! depend not only the nature materials, 
but also the various circumstances applied 
stress, temperature, humidity, etc. 
The fracture mechanism? metals and their al- 
loys has been studied extensively. Studies the 
fracture mechanism high-polymer solids must 
conducted, owing their wide applications new 
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industrial The complete analysis this 
problem more difficult than that metals, how- 
ever, because the complicated mechanical behavior 
high-polymer solids, described terms 
amorphous materials. 

first step this study, the brittle fracture 
cast resin three-dimensional cross-linked polymer 
under bending and plane stress states was examined 
the new photoelasto-plastic method suggested 
the author. The mechanical behavior high-poly- 
mer solids becomes complicated the addition 
various such plasticizers, fillers, re- 
inforcements, etc. Consequently, cast resins with- 
out such ingredients are used test specimens 
this study. The application this photoelasto- 
plastic study the measurement stress concentra- 
tion factors elasticity suggested. 

Brittleness and ductility not depend upon the 
state alone, but also are greatly influenced 
Thus, the term used 
the title this study confined the mechanical 
behavior room temperature about 20° 


The Photoelasto-plastic Method 
and Test Specimens 


The photoelasto-plastic method fracture analy- 
sis based upon characteristic some common 
brittle high-polymer solids: point impending 
fracture, the tensile stress, strain and birefringence 
per unit thickness are material constants and are in- 
dependent the stress distribution the specimen. 
Thus, fracture these materials can predicted 
upon the basis photoelasto-plastic fringe order 
critical point specimen. This behavior will 
illustrated the following sections for variety 
plane stress problems. 

Cast plates unsaturated polyester were 
used for specimens these experiments. Although 
the unsaturated polyester resin (Types and con- 
taining styrol was mainly used, the unsaturated poly- 
ester resin (Type containing styrol and triallyl- 
(TAC) was used for some specimens. 
This latter formulation produces harder polyester 
resin because the three-dimensional cross-linked 


Fig. 1—Calibration results material properties for polyester cast-plate specimens thickness, 5mm 


structure polyester resin becomes dense addi- 
tion TAC, which has six active radicals poly- 
merization reaction. 

Polymerization was carried out elevated tem- 
perature with Luperco 
paste) the amount 1%, acting catalyst. This 
unsaturated polyester resin can also cured room 
temperature using both catalyzer and pro- 
moter. The resin cured room temperature, how- 
ever, not have completely developed three- 
dimensional cross-linked structure; therefore, the ef- 
fect time-edge-stress such specimens expected 
large the application the material for the 
photoelasto-plastic method. 

The calibration results the relationship between 
tensile stress, tensile strain, and fringe order 
isochromatic lines, are shown Fig. for three 
different polyester cast-plate specimens having thick- 
ness, mm; the calibration was carried 
rather high stress region. Circularly polarized light 
wave length 5461 was used for the meas- 
urements The thickness change associated 
with Poisson’s ratio and the accompanying change 
were considered negligibly small. The pho- 
toelastic sensitivity, not large that for 
etc. However the low photoelastic sensitivity 
these polyester specimens rather more convenient 
for the purpose this study because the fringe or- 
der, the fracture point, not large that the 

The following equation established for the low- 
elastic-stress region. 


shown Fig. the linear relation between 
and not complete the region high tensile 
stress. Considering the relation between and 
this suggests linear relation between birefringence 
and tensile these resins three-di- 
mensional cross-linked polymers, while 
fringence effect such ductile linear polymer solids 
though optical behavior compression might dif- 
from that tension, only tensile values are 


Type Type Type 
/ 
- ° ° 


required, since brittle fracture this cast resin al- 
ways caused tensile stress, shown the follow- 
ing sections. 

These specimen materials, unsaturated polyester 
resins containing styrol, which in- 
cluded one example, have interesting character 
that their birefringence elasticity different 
sign from that plasticity. Lacto- 
and styrol and divinyl benzene 
also have the same character. unnecessary 
consider this matter, however, because the tensile 
plastic strain the cast resin used this study 
negligibly small room temperature. Stress this 
fracture point computed from the calibration re- 
sults Fig. and the brittle fracture three-di- 
mensional cross-linked polymer solids thus investi- 
gated the photoelasto-plastic method. 

This measuring method has one further merit con- 
cerning the problem associated with the effect 
time-edge-stress, which ordinary photoelastic ex- 
periments should kept small possible. How- 
ever, this unnecessary watch this method, be- 
cause the true critical stress fracture point can 
measured directly the values 

The effective stress vs. effective strain diagram 
for polyester cast resin, Type which was the speci- 
men most generally used this study, shown 
Fig. 


Fracture Bending 


The cast resin three-dimensional cross-linked 
polymers behaves ductile* material compres- 
sion, and usually exhibits upper and lower yield 
points. Its mechanical behavior tension, how- 


2 


(kg/mm 


Tension 


Fig. (effective stress vs. effective 
strain for polyester cast resin 


ever, quite different from that compression. For 
example, brittle fracture tension occurs rela- 
tively low tensile strain and accompanied 
significant permanent deformation local contrac- 
tion. Therefore, fracture bending certain 
occur the tension side. The experimental data 
the ultimate tensile strength, such cast resins 
are considerably influenced the various kinds 
imperfect factors, although these factors have little 
effect the elastic properties. imperfect 
factors considered generally, are follows. 


(a) Macroscopic! and microscopic flaws the 


TABLE 1—PURE-BENDING FRACTURE TESTS POLYESTER CAST RESINS UNDER 4-POINT LOADING 


Bending- 


Fracture Stresses 
and Their Ratios 


fracture 


Test Model 


Polyester cast 
resin 


Type (containing styrol) 

Type (containing styrol) 

Type (containing styrol 
and TAC) 


Fiber Stress 

Measured 

Photoelasto- 
plastic Method, 


7.6+0.3 


Bending- 
fracture 
Fiber Stress 
Calculated from 
Breaking 
Bending 
Moment, 


Ultimate 
Tensile 

Strength, 


boBN/oT 


6.3 
5.4 
7.8 


1.21 0.50 
1.20 0.18; 
1.18 


TABLE 2—SIMPLE-BENDING FRACTURE TESTS POLYESTER CAST RESINS UNDER 3-POINT LOADING 


Bending- 


Fracture Stresses 
and Their Ratios 


fracture 


Test Model 


Polyester cast Type (containing styrol) 
resin Type (containing styrol) 
Type (containing styrol 

and TAC) 


Fiber Stress 

Measured by 

Photoelasto- 
plastic Method, 


9.4+0.3 


Bending- 
fracture 
Fiber Stress 
from 
Breaking 
Bending 
Moment, 
cal, KE/mm? 


Ultimate 
Tensile 
Strength, 
ot, 


boBN/oT cal/oT 


6.3 
6.8+0.8 5.4 
7.8 


1.21 
1.24 +0.13 
1.20; 0.04 


1.19 0.09; 
1.13 0.06 
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Fig. 3—Perforated- 
plate specimen 


d=6.0mm, d=7.5mm 


a 


1=30mm,w=15mm,t=5mm 


Fig. 4—Perforated-plate specimens having various d/w 
ratios, before and after fracture compression 


specimen. 

(b) The unavoidable errors the specimen 
machining, etc. 

(c) The time-edge-stress the specimen. 

(d) The technological errors the test, etc. 


Fracture experiments for pure bending (4-point 
loading) and simple bending (3-point loading) were 
performed; ten rectangular bar specimens (height, 
that the deviation the experimental data could also 
obtained good accuracy. The results obtained 
are shown Tables and together with and 
the extreme deviations the experiments. 

The extreme fiber stresses and frac- 
ture Tables and were computed different 
methods from the experimental data. Namely, 
computed using the calibration results 
Fig. the basis experimental values 
obtained from the photoelasto-plastic method. 
the other hand, computed the experi- 
mental results the breaking bending moment 
the basis theory elasticity. the test speci- 
men and the experimental procedure this bending 
fracture test were perfect, must theoretically 


Fig. 5—Apparent compressive stress-strain curves for 
perforated-plate specimens having various d/w ratios 


larger than because elastic stress distribu- 
tion has been assumed the computation 
and, the other hand, has been obtained from 
the real nonlinear stress distribution the photo- 
elasto-plastic method. Except for the polyester 
resin (Type three-point, simple bending, 
always smaller rather than and the 
deviation larger rather than that 
the fact that greatly influenced the various 
ture tension test, particular, imperfect factor, (c), 
and reality distrustfully small that the 
real extreme bending fiber stress fracture cannot 
evaluated from the other hand, 
true value the fracture stress the fracture point, 
measured without the effects most the various 
imperfect factors. Therefore, the extreme devia- 
Because the simple-bending fracture 
test always determined the fracture the cen- 
tral loading section maximum bending moment, 
and since there smaller probability regarding the 
effects various imperfect factors, particular, 
and than the pure bending test, quite nat- 
that the extreme deviations Table are 
smaller than those Table 

Thus, the stress comput2d from the correct 
value the real fracture stress the fracture point. 
The prevention fracture the region 
the neighborhood the fracture point may one 
reason for the fact gross cross sections that the 
magnitude tensile fracture stress larger than 
For example, this can reasonably explain the fact that 
and simple bending are little larger 
than those pure bending, because the effect frac- 
ture prevention the region the smaller bending 
moment the neighborhood central loading point 
further added the case simple-bending frac- 
ture. 
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Fracture Plane-stress 
Specimens with 
Stress Concentration 


Fracture Perforated Plates 


When tensile load applied 

the perforated-plate specimen 
shown Fig. quite natural 
for occur the point 
maximum tensile stress, point 
Itis very interesting apply 
compressive load the speci- 
men, however, and observe the 
fracture phenomenon. The frac- 
ture occurs the largest com- 
the smaller tensile stress, 
point Since the relationship 
the dimensions the specimen, 
and many plate specimens 
having various configuration were 
used. 
EFFECT STRESS-CONCENTRA- 
TION FACTOR.—If not large 
compared the stress distri- 
bution around the hole affected 
the frictional resistance 
both ends the compression 
specimen. Therefore, becomes 
unreasonable compare the ex- 
perimental results this case 
with the theoretical analysis ob- 
tained for hypothetical speci- 
men having infinite length. 
order that the experimental re- 
sults can compared with the 
theoretical analysis, fracture ex- 
periments were performed under 
the following conditions. 


(a) Specimen dimensions were 
held constant: 
length, width; for 
these proportions frictional 
resistance 
influence the stress dis- 
tribution around the hole. 

Various stress concentra- 
tions were produced the 
plate specimens change 
d/w. 


Fractured specimens compression are shown 
Fig. together with the no-load specimens. The ap- 
parent stress-strain curves this compression test 
are shown Fig. The apparent compressive 
stress, and strain, are computed the basis 
the dimensions the cross section without hole. 
shown Fig. brittle fracture was caused 
existence the larger compressive stress point 


P = 450 kg, com = 6.00 kg/mm? 


d=6.0mm,t=5mm 


400 kg, com 5.34 375 kg, com 5.00 


Omm,w=15mm 
Jmm,t=5mm 


420 kg, com 5.60 kg/mm? 


Fig. patterns for perforated-plate specimen 


patterns for perforated-plate 
specimen having =7.5/15 mm) compression 


The photographs isochromatic lines for highly 
stressed specimens are shown Figs. and 
perimental results obtained are plotted Fig. 
which also shows the relationships between d/w and 
the analytical several stress-concentra- 

natural that the change with d/w 
caused the change stress-concentration factor 
point for the various configurations test speci- 
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Fig. 8—Experimental results fracture perforated-plate 
specimens having various ratios d/w under compression 
and analytical values their related stress-concentration 


factors elasticity 


Fig. compressive stress-strain curves 
perforated-plate specimens having various ratios 


mens. Consequently, the fracture tensile stress 
point which computed from and 
the experimental values fracture, remains 
constant and good agreement with 

FRICTIONAL EFFECTS THE ENDS COMPRES- 
SION interesting observe the 
transition between brittle tensile fracture point 
and compressive yielding point not 
large compared the tensile stress point 
diminished the action transverse frictional 
forces and for small //d ratios, point becomes the 
critical point before the brittle tensile fracture 
point The apparent compressive stress-strain 
curves are shown Fig. This behavior illus- 
trated the sequence specimens shown Figs. 
11, which the shortest specimen failed general 
compressive yielding, rather than brittle fracture. 
This understood also from the apparent compres- 


(b) 


w=15mm,d=6mm,t=5mm 


Fig. specimens having various 
ratios before and after fracture compression 


sive stress-strain curves, shown Fig. the 
case d/l 6/20, the compressive yielding some- 
times occurs point the tensile fracture some- 
isochromatic lines this case, where the cracking has 
just occurred point Further, the fracture line 
this case does not propagate straight line, but 
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w=15mm,d=>6mm,t=5mm 


Fig. photographs the perforated specimens d/l 6/20 and 6/10 before and after fracture compression 


Fig. lines perforated- 
plate specimen having ratio which 
shows cracking just occurred point 


turned perpendicular the axis the frictional 
resistance both ends compression, shown 
Figs. and 11. 

The relationships between and d/l are 
shown Fig. 13. For the case d/l 6/10, the 
apparent upper yield point conveniently plotted 
Fig. 13, and becomes larger than when 
d/l 3/10. Obviously, the method photoelasto- 
plastic analysis applies only configurations 
which failure occurs brittle fracture. 


Fracture Perforated-plate Specimen Under Contact 
Load Applied the Circular Hole 


Contact loads applied holes plate specimens 
are often encountered engineering, for example, 
pin rivet joints. Therefore, the stress distribution 
around circular hole under contact load has been 
investigated. The problem has been approached 
theoretically and and experi- 
mentally Frocht and and 
The has also studied the stress concentration 
developed two loaded holes plate finite 
width and infinite length. 

this problem, the stress-concentration factors 
are greatly influenced the clearance* between pin 


Apparent Upper 


Fig. 13—Experimental relations between fracture stresses 
coBN and perforated-plate specimens 
having various ratios d/l compression 


and hole. the case neatly fitted press-fitted 
pins, the maximum fringe order, Nmax, not direct 
measure the maximum tensile stress. The point 
the largest tangential tensile stress circum- 
ference, which also expected determine the frac- 
ture the specimen under contact load, not the 
point which located, but exists the 
circumference approaching point from point 
Unless the contact-pressure distribution the 
cumference assumed,” computation the maxi- 
mum tensile tangential stress from the value 
impossible. Therefore, difficult predict the 
brittle fracture such specimens the photoelasto- 
plastic method. 

such practical problems pin joints, there 
usually exists little clearance between pin and hole. 
this case, possible for the tangential stress 
circumference computed directly from the value 
except point and its vicinity, where con- 
tact pressure still remains. The has con- 
firmed, his study the stress distribution 
plate having two circular holes under contact loads, 
that there very large compressive stress point 
and its vicinity, while there small tangential 
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Fig. left) Perforated-plate specimen loaded 
tension through loose pin 


Fig. 15—(Above right) Pin-loaded perforated-plate 
specimens before and after fracture 


Clearance (mm) 
0.2 0.3 


Clearance Ratio 
Fig. 16—Experimental results for pin-loaded perforated plate 


TABLE 3—VARIOUS FACTORS FRACTURE 


Dangerous Factors in 


Various Fracture 
Factors Stress- 
Type concentration Dangerous Dangerous 
External Factors Factors Factors 
Load Fracture Fracture Fracture 


Compressive Load 


oc/cOBN 
Tensile Load 


oc/cOBm 
ot/toBm 


tOBN 


tensile stress point Because the relation be- 
tween the stresses and points and 
greatly influenced theclearance, the 
brittle fracture cast resins under contact loads was 
investigated the photoelasto-plastic method. The 
configuration the test specimen shown Fig. 14, 
and contact load applied circular hole through 
brass ring. typical fracture shown Fig. 15. 
Thus, the brittle fracture under contact load also 
determined the constant tensile stress the 
neighborhood point spite the existence 
very large compressive stresses elsewhere. The re- 
sults obtained are plotted Fig. 16, with the clear- 
the abscissa, and the fracture tensile stress the or- 
dinate. clearly illustrated Fig. 16, the magni- 


tude fracture tensile stress constant, being inde- 
pendent the average stress and the stress-concen- 
tration factor. 


Fig. between the various 
factors fracture and d/w perforated-plate 
specimens under compression fracture 


Clearance 
0.2 


(mm) 


(%) 


Fig. 18—Relationships between the various 
factors fracture and pin clearance 


The Factors Fracture and Their 
Measurement Photoelasto-plastic Method 


Definition Factors Fracture and Their Measure- 
ment Some Plane Problems Photoelasto-plastic 
Method 

Elastic stress-concentration problems have been 
explored extensively many investigators. ‘The 
brittle fracture, however, industrial plastics under 
various plane-stress states usually determined 
Hence, important, for the practical application 
such materials, define dangerous factors frac- 
ture and stress-concentration factors fracture, 
presented Table 

Table the factors computed the basis 


| a cOBm 
d/w 
7 | 
| 
| 


Results by Other 
| 


Type | Polyester Specimen ~ 


Type 3 Polyester Specimen | 


Fig. 19—Stress-concentration factors 
for perforated plate tension 


mean stress are named and the factors 
computed the basis fracture stress are named 
the cast resin three-dimensional 
cross-linked polymers, these factors for fracture 
tension are, general, different from those 
compression, owing the brittle tensile fracture 
characteristic, whereas the factors elasticity are 
equal for tensile and compressive loading. Therefore, 
the factors fracture and elasticity may greatly 
different. 

The various factors fracture for plane-stress 
problems can computed from the photoelasto- 
plastic experiments. Their values for the previous 
plane-stress problems are described the following 
sections. the polyester cast resin Type 

FRACTURE PERFORATED PLATE COMPRES- 
SION.—From the experimental results Fig. the 
relationships between d/w and the various factors 
fracture are computed and plotted shown 
Stress-concentration factors fracture and 
dangerous factors fracture increase with 
increase d/w, whereas dangerous factors 
fracture are constant, since constant for 
fracture these materials. 

FRACTURE PERFORATED PLATE UNTER CONTACT 
LOAD.—From the experimental results Fig. 16, the 
relationships between the factors fracture and pin 
clearance are computed shown Fig. 18. These 
tendencies the change the factors are the same 
those Fig. 17. 


Physical Meaning the Factors Fracture 


FRACTURE.—These factors signify the degree 
danger fracture caused stress different from 
and illustrated the fracture experiments, 
constant tensile stress determines the brittle fracture 
cast resin under plane stress, and this stress can 
computed from the photoelasto-plastic experiments. 
Therefore, dangerous factors fracture de- 
pend only upon the material the test specimen and 
not depend upon the configuration the test 
specimen. dangerous factors frac- 
ture are dependent upon both the material and the 
configuration. 

STRESS-CONCENTRATION FACTORS FRACTURE.— 
These factors are the ratio stress the 
fracture point the mean stress When 
the fracture occurs the specimen. Although these 
factors are similar the stress-concentration factors 


elasticity, which have the same values tension 
and compression, the magnitude stress-concentra- 
tion factors fracture not always the same ten- 
sion and compression; and furthermore, they are not 
always equal the stress-concentration factors 
elasticity. The magnitude stress-concentration 
factors fracture equal the magnitude stress- 
concentration factors elasticity, providing 
equal the maximum stress the test 
specimen. the cast resins three-dimensional 
cross-linked polymers, both and are tensile 
stresses the same magnitude, owing brittle frac- 
ture tension. evident that the factor 
not equal the factor be- 
cause the difference between the mean stresses 
and For the fracture experiment 
compression described under Plane- 
stress Specimens with Stress the 
values are shown Fig. 17, and these 
are different from the stress-concentration factors 
elasticity. tensile load applied the specimen 
Fig. however, the stress will equal the 
fracture tensile stress point which the 
maximum stress the specimen, and, therefore, 
certain that the dangerous stress-concentration fac- 
tors fracture Will equal the stress- 
concentration factors elasticity. 


New Simple Photoelasto-plastic 
Measuring Method Stress-concentration 
Factors Elasticity Brittle-fracture 
Experiment Cast-plate Specimen 


the basis the experimental results the brit- 
tle fracture these cast resins, approximate values 
stress-concentration factors elasticity can easily 
measured the photoelasto-plastic method sug- 
gested the author. 

The problem perforated plate finite width 
again used order obtain the 
stress-concentration factors elasticity, tensile 
load must applied the perforated-plate speci- 
this case, the fracture cast-resin speci- 
men determined the tensile stress, point 
which the maximum stress the specimen. 
has already been shown that the fracture tensile 
stress under plane stress constant magnitude 
which depends only upon the cast resin used. There- 
fore, the breaking tensile load, the perforated- 
plate specimens having various ratios d/w were 
measured with conventional testing machine. 
Then the mean tensile stresses, 
fracture were computed from these experimental re- 
sults. Since the value true-fracture tensile stress, 
cast resin the fracture point has already 
been determined the photoelasto-plastic method, 
the stress concentration factor elasticity. These 
results are shown Fig. 19, which the correspond- 
ing theoretical and photoelastic stud- 
other investigators are shown smooth 
curve for comparison. shown Fig. 19, the 
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Philadelphia Ready for 1961 Spring Meeting 


the spring young man’s fancy 
lightly turns thoughts of—an early 
registration the 1961 Spring Meeting 
the SESA, course. While this 
may not the case for everyone, 
unusually large number SESA mem- 
bers expected send advance 
registration forms for the meeting 
held this month, May 10-12, the 
Benjamin Franklin Hotel, Philadel- 
phia, Pa. With the last detail safely 
squared away, the Delaware Valley 
Section now prepared meet the 
Philadelphia beckons. 

full program has been assembled 
for the three-day event. Five half-day 
technical sessions will devoted 
the main business the meeting, 
including the 
Theme Session entitled, 
Mechanics High 
complete listing these presenta- 
tions title and author appears 
the following pages. half-day period 
given over two plant tours— 
registrants may select either one. 
two evenings, other important activi- 
ties will held. Wednesday evening 
will feature the Seminar, “The Role 
Computers Experimental Me- 
while Thursday evening will 
have cocktail hour followed the 
banquet featuring the noted speaker, 
Francis Bradshaw. Educational ex- 
hibits will view daily. Last, but 
not least, complete Ladies’ Program 
will round out the events for the meet- 
ing. 


Educational Computer Seminar 


Shaping one the important 
highlights the 1961 Spring Meeting, 
the Seminar computers great 
significance. Serious consideration 
being given today many universities 
revamping the engineering curri- 
culum around the use these helpful 
Many engineers 
searchers tend shy away from com- 
puters because they are completely 
unfamiliar with their operation. The 
planned one-evening exposure may 
well stimulate enough interest the 
part those attending encourage 
the additional study necessary for 


actual use solving problems. 

Two speakers will each introduce 
the characteristics one the two 
types machines. Keith Parthemore, 
the DuPont Mechanical Research 
Laboratory, will discuss the capabili- 
ties, philosophy and language the 
analog computer. Paul Sage, the 
Missile and Space Vehicle Division 
General Electric, will the same for 
the digital computer. After these 
presentations, each speaker will select 
typical problem for each machine from 
the field experimental mechanics and 
show how may besolved. The Semi- 
educational feature. 


Plant Tours Are Unique 


The two installations selected for 
plant tours are unusual that there 
nothing quite like them anywhere 
else. the Eddystone Power Station 
the Philadelphia Electric Co., both 
boiler units operate the 
through design supercritical pres- 
sure. The Number boiler the 
world’s highest-pressure, highest-tem- 
perature unit, operating 5000 psi 
and 1200° not difficult 
appreciate that tremendous amount 
problems had solved bring this 
plant reality. Instrumentation and 
automatic operation features are highly 
developed. 

The other plant tour scheduled 
the Space Sciences Laboratory 
the General Electric Co. The number 
visitors this facility limited 
40, with proof citizenship required. 
The laboratory engaged research 
critical problems the physics and 
dynamics partially ionized gases and 
the thermal and shock characteris- 
tics materials and structures. 
nologies: hypersonic aerodynamics, 
plasma dynamics, guidance, communi- 
cations and detection particularly re- 
garding missiles and space vehicles. 
Activities range from research and 
creative conception scientific proof 
feasibility. areas are classi- 
fied. 


he, 


LR: 


Entertaining Ladies’ Program 


order make the stay more 
entertaining for the ladies, two interest- 
ing side trips have been arranged. 
The first Wednesday, May 10, 
tour the colonial landmarks 
Philadelphia including Independence 
Hall, the Liberty Bell, Betsy Ross 
House and other famous places early 
American fame. For the second trip, 
the ladies will embark interesting 
tour the world-famous Longwood 
Gardens, the estate Pierre duPont. 
This lovely showplace with its parked 
gardens, brilliant floral displays and 
extraordinary orchid collection has few 
equals anywhere. 


Social Hour and Banquet 


Following the plant tours 
Thursday afternoon, “dutch treat” 
social hour will take place the Betsy 
Ross Koom the Benjamin Franklin 


SPRING MEETING SITE 


Headquaters for the 1961 Spring Meeting, 
the centrally located Benjamin Franklin 
one Philadelphia’s famous hotels 
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Hotel, giving the members chance 
greet old friends and meet new ones 
the relaxing atmosphere the 
cocktail lounge. 

The Banquet follow immedi- 
ately after the social hour will held 
the Crystal Ballroom. Dr. Brad- 
shaw, guest speaker, will discuss prob- 
lems arising between technical people 
and management. 


Among the other events take 
place will the educational exhibits, 
open daily 8:30 A.M., the meetings 
the standing committees, the Com- 
mittees’ Dinner and the Executive 
Committee meeting, all scheduled for 
Wednesday afternoon, evening and 
night, respectively. 

The members the Delaware 
Valley Section cooperated all meet- 
ing arrangements. The committee 
charge consists Sennet, general 
chairman: Moffet, assistant 
chairman; Stiles, plant tours; 
Cook, publications and member- 
ship; Owens, technical sessions; 
Stone, seminar; Sutton, 
general arrangements; Shore, ex- 
hibits, Scott, banquet and 
Swartz, finance. Advisers 
Mains, Tatnall and Walmsley. 
The Women’s Committee consists 
Mrs. Moffet, Mrs. Sennet 
and Mrs. Sutton. 


Application for Corporate Membership 


Society for Experimental Stress Analysis 


Name Company 


International Congress Reports Progress 


Present activities relating the 
First International Congress Experi- 
mental Mechanics—to held Nov. 
1-3 the Hotel New Yorker, New 
York City—show continued progress. 
Following the appointment the local 
Arrangements Committee the New 
York Metropolitan Section, several 
recent developments have resulted 
preliminary discussions that indicate 
full and attractive program the 
Congress. 

The response the part the 
American authors who wish make 
presentations the meeting has been 
excellent. Many more papers first- 
rate interest have been received than 
had been anticipated. Added these 
are the contributions from number 
noted authorities from abroad who 
were invited some months ago and 
whose acceptances have been arriving 
recent weeks. These men, mostly 
from Europe, will present not only their 
own original work but will also de- 
scribe the activities being conducted 
the major laboratories their respec- 
tive countries. addition, the New 
York Section considering suitable 
Theme Session. 

Another recent development has 


been with respect the educational 
and commercial exhibits which will 
displayed concurrently with 
features the program. The ex. 
cellent layout the mezzanine floor 
the Hotel New Yorker has been 
grouped and arranged very attrac. 
tive prices. The basic philosophy 
offer booth space prices low enough 
attract the widest possible repre. 
sentation from the benefit 
all. 

The local Arrangements Commit- 
tee appointed Lewis, chairman 
the New York Metropolitan Section, 
quine; educational technical 
Braunstein; 
Black; technical papers, Miller; 
educational exhibits, Lester Disenhof. 
Mrs. Pasquine and Mrs. Black 
are charge handling the ladies’ 
program. 

The New York International Con- 
gress will follow day, the Inter- 
ticity held Oct. 29-31 the 
Chicago. 


Name Representative 
Position Title 


Department 


Number and Street 
City 


cated below: 


Zone State 


wish apply for Corporate Membership the Society for Experimental Stress Analysis for the period indi- 


January 1961 through June 30, 1961 Dues: 50.00 
January 1961 through June 30, 1962 Dues: $150.00 


understand that the above amounts are based fiscal-year dues $100.00 and that are receive the 


full benefits prescribed the Society for the designated period. 


Date Authorized Signature 
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PROGRAM 


1961 SESA 
SPRING 
MEETING 


MAY 10-12 


BENJAMIN FRANKLIN HOTEL 


PHILADELPHIA, PA. 


MORNING 


8:00 a.m. Authors’ Breakfast 
Robert Morris Room 


8:30 a.m. Registration 
Crystal Ballroom Foyer 
8:30 a.m. Exhibit Opens 


Crystal Ballroom Foyer 


9:30 a.m. Words Welcome 
Crystal Ballroom 


9:45 a.m. Crystal Ballroom 


Technical Papers Session 


CHAIRMAN—C. Smith, Convair, Division General Dynamics 
Corp. 


Residual Stresses Shot-Peened 
Aluminum Bars 


Norton, Massachusetts Institute Technology, and 
Donachie, Jr., Electric Boat Div., General Dynamics 


Corp. 


Measure Residual Stress Disks from Forgings 
Mack, General Electric 


Fatigue Testing Thin Tapes 


Pih, Marquette University and Shalkey, Inter- 
national Business Machines Co. 


Strain-gage Technique for Measuring Internal Strains 
Loaded Artificial Solids (By Title Only) 


Serdengecti, California Research Corp., Hendrickson 
and Skjelbreia, National Engineering Science Co. 
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10—WEDNESDAY AFTERNOON 


2:00 p.m. Crystal Ballroom 
New, NASA Goddard Space Flight Center 


Elastic Stability Circular Cylindrical Shells Stabilized 


Technical Papers Session 


Crystal Ballroom Foyer 
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Experimental Study Dynamic Plasticity Elevated 
Temperatures 


James Bell, The Johns Hopkins University 


Accuracy Thermocouples Radiant-heat Testing 
Francis White, Naval Air Material Center 


4:00 p.m. Meetings Standing Soft Elastic Core 
Poor Richard Room 
Winkler, Space Technology Laboratories 
Meeting Two-millisecond Rise Time One-tenth Percent Noise Level 
Poor Richard Room Rotational Speed Measuring System 
Stein, Editor, STRAIN GAGE READINGS 
Valley Forge Room Computing the Velocities and Displacements Associated with 
Accelerations Integrating the Response 
Accelerometers 
Robert Kearns, Kearns Law 
8:00 
8:30 
8:30 
MORNING 
Theme Session 9:00 a.m. Crystal Ballroom 
“Experimental Mechanics High Temperatures” 
CHAIRMAN—L. Kooistra, Babcock Wilcox Co. 
Thermal Fatigue 
8:00 a.m. Authors’ Breakfast Yen, Franklin Institute Laboratories for Research and 
Robert Morris Room 
8:00 High-temperature Tension and Creep Tester for Wire 
8:30 Exhibit Opens 


rith 


AFTERNOON 


1:00 Busses Load for Plant Tours the Eddystone Power Station the Philadelphia 
Electric Co. and the Space Science Laboratory General Electric Co. 


Social Hour 
Betsy Ross Room 


7:00 Banquet 
Crystal Ballroom 


12—FRIDAY MORNING 


Technical Papers Session 9:00 Crystal Ballroom 


CHAIRMAN—Daniel Post, Rensselaer Polytechnic Institute 


Fringe Multiplication and Thickness Effect Birefringent 
Coatings 

Washington 


8:00 Authors’ Breakfast 
Robert Morris Room 


Photographic Method Sharpen and Double Isochromatic 
Fringes 
Dally and Ahimaz, Cornell University 


8:30 Registration 
Crystal Ballroom Foyer 


8:30 Exhibit Opens 
Crystal Ballroom Foyer 


Photoelastic and Strain-gage Investigation the Penetra- 
tion Thin Plates 


Goldsmith and Dabaghian, University California 


Experimental Means Analyzing Stresses and Strains 
Rocket Propellant Grains 


AFTERNOON 


Technical Papers Session 2:00 Crystal Ballroom 


CHAIRMAN—C. Perry, Consulting Engineer 


Extending the Stress Analysis Range Brittle Coatings 


search Foundation 


Calibration Stresscoat Impact 


fornia 


Stress Analysis HNPF Loading-face Shield 
Peterson, Atomics International 


Test Method for the Mechanical Evaluation Gas-turbine 
Blades Actual Centrifugal Field 


French, General Electric Co. 
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EVENTS 


COMPUTER 
SEMINAR 


May 10—Wednesday 

Tour Philadelphia’s quaint, colonial landmarks, including 
Betsy Ross House, Independence Hall and other places 
historical renown. 


May 11—Thursday 

Trip world-famous Longwood Gardens, estate Pierre 
duPont, with its unusual floral displays, landscape gardening, 
greenhouses and orchid collection. 


May 10—Wednesday Evening 
8:00 Valley Forge Room 


The evening will devoted introduction the philo- 
sophy and the language the analog and digital computers. 
typical problem experimental mechanics will presented 
and solved each method. The speakers will Keith 
Parthemore, the Pont Mechanical Research Laboratory, 
who will speak the analog computer and Paul Sage, the 
Missile and Space Vehicle Division, General Electric Co., who 
will present the digital computer. 


May 11—Thursday Afternoon 


1:00 p.m. Buses Load for Plant Tours from Benjamin Franklin 
Hotel 
Eddystone Power Station the Philadelphia Electric Co. 
This unique plant employs the world’s highest pressure, 
highest temperature boiler and other unusual features. 

Space Sciences Laboratory the General Electric Co. 
Limited persons having citizenship status. Classified 
work areas closed visitors. Laboratory conducts wide 
range research and feasibility tests space problems 
employing advanced technologies. 


BANQUET 


26A May 1961 


May 11—Thursday Evening 
7:00 p.m. Crystal Ballroom 


Guest Speaker—Dr. Francis Bradshaw, President, Richard- 
son, Bellows, Henry, Inc., Management Consultants 


Topic—Problem Areas Between Management and Technical 
People. 


LADIES 
PROGRAM 
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of ; | 
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ith 


FIRST INTERNATIONAL CONGRESS 
EXPERIMENTAL MECHANICS 


November 1-3 


Hotel New Yorker 


All one floor New York’s famous and popular 
lively exhibits what’s what experimental me- 


Manufacturers all types engineering and scientific 
equipment used this field are invited exhibit. 


Hundreds engineers and scientists involved instru- 
mentation measuring such mechanical quantities stress, 
strain, load, displacement, acceleration, pressure and vibra- 
tion will attend. These men are most directly concerned. 
with specifying, buying and using equipment. 


choice booths now available 
fit ali budgets. 


sure attend! 
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Chicago 


Stress Analysis 
Nuclear Reactors 


The February meeting the 
Chicago Section was held the Manor 
Inn, near Joliet, 

Prior the meeting, the members 
were conducted tour the Dres- 
den nuclear power station. The sta- 
tion owned the Commonwealth 
Edison Co., and one the first 
nuclear power stations financed 
private industry. Before the tour 
started, movie was shown illustrate 
some the details the installation. 

After enjoyable dinner the 
Manor Inn, the Section Chairman, Mr. 
Grotto, briefly discussed the publishing 
the Society magazine 
duced Stanley Fistedis, the guest 
speaker for the evening. Dr. Fistedis 
staff engineer the Reactor Engi- 
Div. Argonne National 
Laboratories, Lemont, empha- 
sized the point that the stress man 
not only problem-solver. fact, 
now also sets the boundaries what 
can and cannot done. Stress analy- 
sis nuclear engineering concerned 
mainly with mechanical problems and 
high temperature. Some parts are 
critical that failure would mean 
loss the entire investment. Stand- 
ard practice solve the problem for 
mechanical stresses and independently 
consider the effect thermal stresses. 
Allowable stresses below 10,000 psi are 


used since working temperatures are 
between 700 and 1000° 

specific problem presented was 
the perforated circular plate that sup- 
ports the fuel elements. The stresses 
are not important the deflections, 
since the physicist calculates reactor 
power the basis geometry, and 
appreciable geometrical changes take 
place the calculations will signifi- 
cantly error. other problems 
such the piping the primary loops 
between the reactor and the condenser 
the wall thickness must carefully 
chosen, since bending and torsion must 
considered and the thermal stress 
gradient minimized. Factors safety 
are used for Miner’s theory when 
materials the plastic range, which are 
subjected cyclic thermal stresses, are 
considered. Dr. Fistedis also talked 
about primary containment against 
explosion and the support structure for 
the primary tank. His talk was well 
illustrated slides the subject. 
lively discussion period followed. 


(Reported by J. Tamburino for Chicago Section.) 


New England 


Thin-shell Theory Aids 
Antenna Design 


The March meeting the New 
England Section was held the MIT 
Faculty Club Wednesday, March 

The speaker was Phillip Davis, 
assistant group leader, Development 
Engineering Group the Lincoln 
Laboratory. Mr. Davis talked 
“Application Thin-shell Theory 
Antenna 

The problems designing and 
building large 120-ft diam antennas was 
discussed. The surface the antenna 
dish has maintained within 
error not more than in. The 
problems associated with this arise 
from such things dead weight forces 
encountered when turning, wind loads 
and solar thermal effects. The prob- 
lem winds and solar effects can 
eliminated using large spherical 
radome. 

Models these antennas and 
their supports are made from plastics 
and steel and analyzed before the large 
finished antennas are made. All these 
dishes are designed using approxima- 
tion methods (shallow shell) mem- 
brane theory. was shown that this 
theoretical analysis agreed well with 
the experimental results the center 
the dish. the edge the dish, 
the experimental results were better 
than the theoretical, i.e., deflected less 
than theory. 


(Reported by B. P. Friesecke for the New England 
Section) 


SESA Section Meeting Calendar 


May 


PITTSBURGH Section. 2:45 P.M. Allegheny Ludium Research Laboratories, 
Brackenridge, Pa. Annual Dinner Meeting and Election Officers: 6:00 P.M. Bracken- 


ridge Heights Country Club. 
May 


METROPOLITAN NEW YORK Section. Hofstra College, Hempstead, N.Y. Dinner: 
7:00 P.M. Faculty Dining Room, Memorial Hall. Meeting: 8:00 P.M. Interfaith Lounge, 
Memorial Hall. Talk: Analysis Acoustical Problems Aircraft and 
Murray Bernstein, Grumman Aircraft Co., Bethpage, Contact: 
Prof. Lewis, Engineering Dept., Hofstra College. 


May 


OTTAWA-MONTREAL Section. Regular Meeting. Discussion Guilt and 
Sarazin the National Research Council Canada ‘‘Aircraft Structural Testing 
the National Aeronautical Establishment the National Research Council 


EDITOR’S NOTE: Notices published any one issue must reach SESA headquarters 


prior the 15th the second previous month. 


place, topic and speaker for each meeting. 


Give full information concerning date, time, 
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The Structural Test important Air Force facility the Wright- 
Patterson Base, Ohio, was the subject the January meeting and plant tour the 


Southern Ohio Section. 


The Laboratory conducts structural tests military systems 


and subsystems well feasibility and advanced research studies 


Ottawa-Montreal 


1960-61 Program Activities 


The Ottawa-Montreal Section has 
arranged varied interesting 
program speakers for the 1960-61 
season. The first meeting was held 
October which Lorne Gold 
the National Research Council 
Canada presented results recent 
observation the dependence 
crack formation 
orientation multigrained ice. 
November 22, Professor Craig 
the University Toronto gave very 
clear and interesting introduction 
the dislocation theory. This served 
background material for discussion 
important metallurgical problems re- 
lated fatigue, creep, brittle fracture, 


SURE 
JOIN 
1961 SPRING MEETING 


MAY 10-12 
BENJAMIN FRANKLIN 
HOTEL 
PHILADELPHIA, PA. 
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December 13, Paul LaCompte the 
Canadian Department Mines and 
Technical Surveys described some 
his recent observations creep and 
internal friction rock salt. 
1961, Leon Weymouth the Baldwin- 
Lima-Hamilton Corp. presented 
the group January comprehen- 
sive survey the use resistance-wire 
strain gages for measuring strains 
within various temperature ranges. 
dwelt some length the limita- 
tions which temperature imposes 
the use such gages and recent 
developments the never ending 
struggle overcome these limitations. 
February 21, Bratina the 
Ontario Research spoke 
the group “investigations into the 
This talk dwelt the use the 
Ontario Research Foundation ultra- 
sonic techniques for the study 
structural changes metals when sub- 
ject simple types stresses. 

Other speakers who have appeared 
before the group during this season are 
Professor Schwaighofer, Department 
Civil Engineering the University 
Toronto, who gave lecture the 
Models Structural Engineer- 
the National Research Council 
Canada who presented some remarks 
the problem strain hardening 
April 18. May 23, Guilt and 
Sarazin the National Research 
Council Canada will discuss air- 
craft structural testing the National 
Aeronautical Establishment the 


National Research Council Canada. 


(Reported by L. W. Gold for Ottawa-Montreal 


Section) 


ARE YOU PLANNING 


WHEN COMPLETED 


note for publication Ex. 
perimental Mechanics for 
meeting? 


YOU KNOW 


how you can best organize and 
prepare your manuscript? 


YOU CAN SAVE 


time! Yours—the reviewing com- 
mittee’s—the im- 
prove your chances for early 
publication; 


YOU CAN INCREASE 


the value your presentation— 
its readability—its clarity—its ap- 
peal; 


OBTAINING AND 


instruction manual for 
authors. This booklet has 
dozens helpful hints and 
suggestions for authors. 


YOU WILL FIND 


all the important instructions you 
will need—general information— 
arranging the contents paper 
—writing the paper—submission 
and publication—oral presenta- 
tion—all important advice aid 
processing your paper. 


YOU NEED ONLY 


write SESA headquarters, 
Bridge Square, Westport, Conn. 
Ask for copy the booklet 
“An SESA and for the 
Check 


send copies your abstract 
and manuscript to: Dr. Roscoe 
Guernsey, Chairman, SESA 
Papers and Proceedings Com- 
mittee, General Electric Co., 
37, Room 669, Schenectady 


TESTING FACILITY WRIGHT-PATTERSON BASE 
The 
| 


SOCIETY FOR EXPERIMENTAL STRESS ANALYSIS 


Bridge Square, Westport, Connecticut 


individual Membership 


membership intended for those who wish keep 
abreast the developments the field experimental mech- 
anics. Listed among the members are engineers and scien- 
tists industrial firms, consulting activity, government 
and academic life. 


ANNUAL 


from Jan. 1961 June 30, 1961 


$15 beginning July 1961 


Principal Benefits: 
subscription EXPERIMENTAL MECHANICS, 
monthly journal the SESA. 


Special membership rates for the purchase all technical 
publications the SESA. 


Reduced registration fee when attending Society meetings. 


Membership Lapel Pins 


membership lapel pin bearing the SESA insignia attractively 
set gold and blue available for purchase members. 
The price $5.00, including postage. 


Corporate Membership 


Corporate membership intended for those companies within 
whose laboratories there exists group interest stress analy- 
sis, for those who wish encompass separate departments and 
several individuals under one membership, for the company 
wishing avail itself the many benefits open corporate 
members. some instances the information dealing with 
techniques developed other laboratories, and made available 
the Society, has enabled corporate members avoid un- 
necessary duplication research, thereby effecting savings 
many times greater than the cost membership dues. Com- 
panies carrying this type membership help support the many 
services the Society renders the industry and the individual. 


ANNUAL DUES $100.00 


Principal Benefits: 


Annual subscription two copies EXPERIMENTAL 
MECHANICS. 


One set bound PROCEEDINGS, with company’s name im- 
printed gold front cover. 


Reduced rates for the purchase all technical publications 
the SESA. 


Substantial reduction the regular rate for exhibiting equip- 
ment National Meetings. 


Application for Membership 


Society for Experimental Stress Analysis 


Date 


hereby apply for national membership the Society for Experimental Stress Analysis for the period 


starting 
Dues the amount 


and ending June 30, 
covering this period, are attached hereto. Also, the required informa- 


tion concerning personal background and professional qualifications given 


NAME 


HOME ADDRESS 


BUSINESS ADDRESS 


COUNTRY. IF NOT USA 


DEPARTMENT 


COMPANY 
STREET 


STATE COUNTRY, IF NOT USA 


Application continues other 
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Meetings 

The Society for Experimental Stress Analysis holds two major 
meetings each year. These meetings are scheduled each 
Spring and Fall, and take place various locations throughout 
the country. The programs usually include: 


Technical Sessions—Oral presentations and discussions out- 
lining new equipment, new techniques and suggested im- 
provements for testing and analyzing the strength ma- 
terials, structures and machine parts. Both members and 
nonmembers are invited submit papers the Society for 
consideration toward presentation and publication. ‘‘An 
SESA which outlines the procedure for the sub- 
mission manuscripts, well copy the abbreviated 
Check may obtained from the Society 
upon request. 


Exhibits—Commercial exhibits display the most up-to-date 
electronic equipment, testing apparatus and instruments 
use industry and research laboratories. Educational 
exhibits are designed demonstrate and explain the scien- 
tific principles and techniques experimental methods 
stress analysis. 

Educational Lectures—These serve introduce the new- 
comer the basic applications photoelasticity, stress- 
coat and strain gages, together with their allied instrumenta- 
tion and techniques. 


Plant Tours—Group tours plants the area the meeting 
offer first-hand inspection industrial application ex- 
perimental mechanics. 


Local Sections 
Throughout the there are local SESA sections which plan 


Start other side 
TITLE POSITION 


ADDRESS USED FOR MAIL: 
PRINCIPAL FIELD INTEREST 


DATE OF BIRTH 


TECHNICAL EDUCATION: 


COLLEGE OR UNIVERSITY 


RECOMMENDED FOR MEMBERSHIP BY. 


OTHER SOCIETY AFFILIATIONS 
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SESA Membership Application Form 


PLACE OF BIRTH 


LOCATION 


FORMER NATIONAL MEMBERSHIP IN YES NO 
PRESENT AFFILIATION WITH SESA LOCAL SECTION: YES 0 NO O 


SESA SECTION AFFILIATION PREFERRED. 


NAME AND GRADE OF MEMBERSHIP 


SIGNATURE 


Mail completed application to: 
Executive Secretary, Society for Experimental Stress Analysis, Bridge Square, Westport, Conn.) 


their activities much the same manner the parent organ. 
ization. They schedule meetings, technical programs, educa. 
tional programs, lectures, plant tours and, some sections, 
publish their own Local assist the 
preparation Spring and Fall Meetings and arrange for the 
many functions that take place during such meetings. 
pation local section activities allows frequent association 
among individuals who have common interest this partic. 
ular field and offers excellent opportunity for the interchange 
information the latest developments experimental 
mechanics. local representative will glad give you 
further details. Please direct all inquiries the SESA Head. 
quarters. 


Special Services 


In.addition the activities mentioned above, the Society has 
expanded its facilities included other services, follows: 


Educational Opportunities—A notable example the 
Society’s educational activity represented the Special 
Summer Program Strain Gage Techniques, sponsored 
jointly the Society and universities. 


Reprints papers published EXPERIMENTAL ME. 
CHANICS may purchased within months after publica- 
tion issue question. Further details available upon re- 
quest. 


Opportunities order encourage the par- 
ticipation engineering students SESA activities, the 
Society extends discount privileges students who wish 
attend SESA meetings. Special consideration also ex- 
tended the purchase SESA publications for class 
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Special 
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es, the 
wish 
Study. 


Engineering Building, Arizona State University 


COLLABORATE UCLA SUMMER PROGRAM 


The success the previous sum- 
mer courses, which have been jointly 
University California Los Angeles 
since 1957, has led the decision 
offer three 1-week courses again 
1961. They will comprise the Strain 
Gage Lecture Course, August 
Strain Gage Laboratory Course, August 
Industrial Photo- 
September 5-9. 

These three courses have 
organized for personnel engaged 
government labora- 
tories. They will present 
grated program theory and practice, 
both review funda- 
mentals and discussions some the 
latest techniques, particularly those 
high temperature strain 
gages, three-dimensional photoelastic- 
ity and photoelastic surface coatings. 
Detailed attention will also directed 
toward strain gage instrumentation, 
which, many cases, can used for 
other types transducers well. 

particular interest designers, lab- 
oratory workers and supervisors. The 
academic level which the courses 
are aimed corresponds Bachelor’s 
physics metallurgy. However, ex- 
technicians without 


can expected gain full benefit. 

The instructing staff will consist 
individuals drawn both from univer- 
sities and industry, and selected for 
their outstanding contributions their 
respective areas. Several the SESA 
members who will lecturing the 
corresponding programs which are 
offered the East Coast, during 
June and July, will also hand 
take part the UCLA courses. 
Among these will William Bean, 
Jr., Jerome Catz, SESA Past President 
Milton Leven, William Murray, 
Professor Peter Stein, Wey- 
mouth and Felix Zandman. 

conjunction with the UCLA 
courses, the Southwest Chapter the 
Society again planning sponsor 
combined social function 
formal exhibit equipment. 
anticipated that this will take place 
during the week the strain gage 
laboratory. Edward Larson, Jr., 
will again chairman the commer- 
cial-social activity, which, previous 
years, has proved most outstand- 
ing feature the entire program. 

Further information the UCLA 
courses may obtained from Sam 
Houston, assistant head, Engineer- 
ing Extension, Department Engi- 
neering, University California, Los 
Angeles 24, Calif. 


EXPERIMENTAL STRESS 
ANALYSIS WAYNE STATE 


two-week special program 
stress analysis will 
offered September 11-22, 1961, 
Wayne State University, Detroit, 
Mich. The course will given two 
parts. Part given during the first 
week, will deal with theory and applica- 


tion photoelasticity, including recent 
developments photoelastic coatings 
(photostress). Part for the second 


week, will deal with theory and applica- 
tion bonded strain gages experi- 
mental stress analysis. Enrollees may 
elect Part Part both. 

The teaching staff will include 
several noted stress analysts inter- 
Special atten- 


national reputation. 


tion will directed certain topics 
such low and high temperature 
application, use piezoresistive strain 
gages, dynamic analysis, transducer 
design photoelastic coatings. 
Manufacturers and representatives for 
stress analysis equipment will have 
display some the most modern 
equipment available. 

Enrollees should have Bachelor’s 
degree engineering equivalent. 
certificate will awarded upon 
satisfactory completion the course. 


SOLID STATE MECHANICS 
COURSE PENN STATE 


mechanics will given Pennsyl- 
vania State University, June 
1961. Dealing with the stress-strain 
properties materials and their signifi- 
cance design, the course planned 
for research, design and materials 
engineers. 

The subject matter will first in- 
clude review the determination 
stress-strain properties materials for 
various kinds loadings and environ- 
ments. Major emphasis, however, will 
placed discussions recently 
developed methods for evaluation and 
interpretation stress-strain proper- 
ties and the use these procedures 
design. The lecture-discussion course 
will given Joseph Marin, pro- 
fessor and head the Department 
Engineering Mechanics. For more in- 
formation write Engineering Semi- 
nars, Conference Center, The 
vania State University, University 
Park, Pa. 


EXPERIMENTAL TECHNIQUES 
TREATED MIT COURSE 


two-week summer course (June 
offered the Department Mechani- 
cal Engineering Massachusetts In- 
stitute Technology. Designed par- 
ticularly for industrial people the 
fields research and development, the 
course intended provide the back- 
ground needed make and interpret 
measurements the general mechani- 
cal engineering field. 

Under the direction 
Cook, associate professor mechanical 
engineering, the course will treat 
measurements displacement, strain, 
force, torque, velocity, acceleration, 
flow, temperature, wear and surface 
characteristics. include opti- 
cal, mechanical, pneumatic, electric, 
photographic and radioisotopic. Dy- 
namical aspects and statistical inter- 
pretations will discussed. 

connection with the course 
photoelasticity, each registrant will 
supplied with kit parts from which 
will construct his own polariscope 
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rom the 
— 
one 


Demonstration polariscope assembled 


from that will given regis- 
trants the UCLA and the MIT 
courses photoelasticity 


used during the course. the 
end the course, each man will have 
his own polariscope take home with 
him. similar kit will given the 
registrants the MIT course 
given June 


COURSES REFLECT 
MODERN TRENDS 


meet the educational demands 
the current space age, number 
up-to-date courses have recently been 
added the curriculum 
Institute Technology. 

Last semester, graduate course 
magnetohydrodynamics, taught 
Liang Tao, associate professor 
mechanics, was offered for the first 
time. 
counts for the flow electric-con- 
ducting fluids under the influence 
electric and magnetic forces. This isa 
new area technology which includes 
the study problems related the 
design nuclear reactors and the 
re-entry space vehicles. 

Another graduate course, astro- 
dynamics, will offered for the first 
time this coming spring semester. 
Taught Peter Chiarulli, professor 
mechanics and chairman the depart- 
ment, the course concerned with 
celestial mechanics and the study 
air resistance regard satellite 
motion. 

the undergraduate level, 
number broad fundamental pro- 
grams have also been established 
meet modern needs and give the 
senior student potential for wide 
range specialization, either through 
future graduate work, on-the-job train- 
ing, self-study. Titles two basic 
courses are advanced dynamics, of- 
fered for the first time this year, and 
advanced fluid mechanics, which was 
initiated several years ago. 


RPI AFRICAN SCHOLARSHIPS 


One, and possibly two, students 
from Africa will receive full tuition 
Rensselaer Polytechnic Institute, be- 
ginning September 1961, coopera- 
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tion with the African Scholarship 
Program American Universities. 

director admissions, the African- 
American Institute, administering 
agency for the program Africa, will 
forward list applicants for con- 
sideration RPI has 
agreed set aside one, and perhaps 
two, full tuition scholarships for quali- 
fied students under the program. 

International Cooperation Ad- 
ministration grant will provide room 
and board fees for the student. Travel 
expenses will covered the govern- 
ment the student. grant from 
the Carnegie Corp. has been made 
cover operational and administrative 
costs the program. 

David Henry Harvard Uni- 
versity coordinator for the cooperat- 
ing institutions. Six selection com- 
mittees educational leaders major 
African countries have been established 
assess the preparation and qualifica- 
tions applicants. 


SCIENTIFIC BRIEFING 
WORCESTER TECH 


Worcester Polytechnic Institute 
arranged one-day conference New 
England businessmen, engineers and 
industrialists could take time, during 
afternoon session, scan the hori- 
zons science and engineering for 
developments that will significant 
industry’s future. The session was 
part the Institute’s fifth annual 
Briefing for Tomorrow.”’ 

The afternoon 
Philip Reily, Jr., manager de- 
velopment, Atlantic Research Corp., 
Alexandria, Va., Re- 
search for George Wads- 
worth Massachusetts Institute 
Technology, Research and 
Its Wider Use for 
and Peter Hurst, president Aero- 
quip Corp., Jackson, Mich., 
Aeroquip Story—Free Enterprise 

Wayne Keith, general employ- 
ment and training supervisor, New 
England Telephone Telegraph Co., 
Boston, was the afternoon chairman. 

Five other speakers appeared 
panels the morning, lunch and 


.dinner which concluded the session. 


Arthur Bronwell, president, WPI, 
was the morning chairman. Speakers 
for this session were Robert Jastrow, 
chief, Theoretical Division, National 
Aeronautics and Space Administration, 
Impact Space Research The 
Sciences”; Armin Bruning, manager, 
Westinghouse Research Laboratories, 
power and propulsion section, 
Energy 
Wadsworth, professor 
engineering, W.P.I., World 


Luncheon chairman 
Stoddard, president, Wyman-Gor. 
don Co.; speaker, Dorothy Simon, 
technical assistant the president, 
Avco research and advanced develop. 
ment division, Re-entry 
and 

dinner, John Coghlin, 
president, Coghlin Electric Co. was 
chairman; the speaker, The Honor. 
able John Volpe, governor 
Massachusetts, 
blocks Industrial Development.” 


MIT SCHOLARSHIP AID 
OFFERED TEACHERS 


special interest teachers 
engineering, accredited schools, 
the announcement that MIT will 
sponsor scholarship aid faculy mem. 
bers who wish attend the short 
weeks’ duration) intensive summer 
programs which will offered, during 
1961, various departments the 
School Engineering. 

The purpose these awards 
encourage participation faculty 
members from sister institutions. 
previous years, visiting faculty will 
eligible for scholarships cover part 
the tuition; for 1961, 
additional funds have been set aside 
cover other out-of-pocket expenses. 
The total amount aid for individual 
awards will depend upon the number 
applicants and the possibility 
some sponsorship from 
own institution. 

The following courses are among 
those considered: Experimental Tech- 
niques, June Industrial Photo- 
elasticity, June 19-23; Nondestructive 
Testing, June 26-30; Strain Gage 
Techniques Lectures, July 10-14; 
Strain Gage Laboratory, July 

Detailed information may ob- 
tained writing the Summer Session 
Office, Massachusetts 
Technology, Cambridge, 39, Mass. 


SOLAR-ENERGY COURSE 


technology—the first its kind, far 
academic credit course any college 
university—is now being taught 
the University Wisconsin. 

The course being given for 
seniors and graduate students 
chemical and mechanical engineering 
John Duffie, professor the 
Engineering Experiment Station and 
director the Solar Energy Labora- 
tory. 

The course covers three broad 
phases the subject, including study 
basic concepts availability and 
collection solar radiation. also 
includes studies application solar 
radiation house heating and cooling 
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Three Short Intensive Courses 


STRAIN GAGES PHOTOELASTICITY 


the DEPARTMENT ENGINEERING 
UNIVERSITY CALIFORNIA LOS ANGELES 


FOR WHOM INTENDED STRAIN GAGE LABORATORY COURSE 


three courses have been designed present August September through Friday) 
program theory and practice, including review 
and discussions some the latest tech- For those who wish gain personal experience the in- 
especially those suited high and low temperature stallation gages and the handling equipment, second 
gage applications. Attention will also given in- course containing series laboratory experiments will 
mentation, which, many cases, can used equally well offered. The laboratory program supplementary the lec- 


hother kinds transducers. ture course. will consist set projects, each containing 
are intended primarily for those with bachelor’s one more experiments, which have been designed illustrate 
higher) degree engineering, physics, metallurgy. the topics taken the lecture course during the previous 
wever, certain cases, experienced technicians without week. The following exercises will included provide prac- 
can expected gain full benefit. tice the practical applications strain gage techniques: 

material content the courses, although presented Strain Gage Installation for normal and high temperature 
from the point view the mechanical engineer, has applications 

provide maximum benefit for those who are Static observations with single and multiple gage bridges 


Dynamic strain Measurements 


who may not quite familiar with certain aspects Characteristics and checking electrical equipment used 
analysis. with strain gages 
Strain Rosette Analysis 
Characteristics and handling certain commercial equip- 
STRAIN GAGE LECTURE COURSE 
Measurement Force, Torque, Bending, and Moments 
August 25, 1961 (Monday through Friday) 


first the two strain gage courses will consist Since the benefits which can obtained attendance 
lectures supplemented with illustrative demonstra- the laboratory program depend large extent upon under- 
ns, Some these lectures have been prepared especially for standing the underlying theory, registration the laboratory 
and consequently are elementary nature; how- course will limited those who have attended the previous 
other lectures much more advanced character will lecture course, its equivalent prior years. 


included the series. The latter group will contain 
INDUSTRIAL PHOTOELASTICITY 


(Lectures Laboratory) 


tallurgists, laboratory workers, laboratory supervisors, theo- September 1961 (Tuesday through Saturday) 


The course Industrial Photoelasticity will review the 
which are available for producing optimum results. fundamental theory and laboratory techniques related the 
Both the theoretical and practical aspects strain gages classical applications polarized light for solving stress prob- 
methods installation, and allied equipment, will lems. addition this, discussions some most 
presented the lectures. Details strain gage applications advanced techniques, including Three-Dimensional Photo- 
measuring force, torque, bending, shear, and accelerations, elasticity and Photoelastic Surface Coatings (PhotoStress), 
discussed well simple electric circuits for automatic will also presented. 

putation quantities which depend upon the simultaneous The course will emphasize the ways which photoelasticity 
strains more than one location. can used solve industrial problems. Attention will also 
given the advantages and limitations the method and 
its relation other experimental techniques with which may 
often combined most effectively. 


Basic theory Wire, Foil, and Semi-Conductor strain gages The material will presented through lectures, demonstra- 
Details gage characteristics tions, and laboratory exercises. Consideration will 
Techniques for installing gages given the properties and selection photoelastic materials 
Mechanical and Electrical aspects the gage system well the specification equipment required set 
Fundamental Laws Measurement laboratory. This program has been designed especially for the 
Electric Circuits for strain gages engineer metallurgist who has little previous knowledge 
Dynamic and Static Strain Measurements the subject. 
Computing Bridge circuits for direct measurement quan- TUITION 

tities depending upon several strains 
Stresscoat Auxiliary Tool The tuition per registrant for each course will follows:— 
Measuring systems and instruments 
Low-temperature applications strain gages Strain Gage Lecture Course $175.00 
High-temperature strain gages and their installation Strain Gage Laboratory Course $175.00 
Commercial Equipment 
Rosette analysis and interpretation observations Industrial Photoelasticity $200.00 


FURTHER INFORMATION, call write, 


ENGINEERING EXTENSION, DEPARTMENT ENGINEERING, 
Room 6266, ENGINEERING-PHYSICAL SCIENCES BUILDING, 
UNIVERSITY CALIFORNIA, LOS ANGELES, 24, CALIFORNIA 
Telephone GRanite 3-0971, Extension 369 


For details, circle No. Reader Information Card 
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POLAROID® 


— 


polarizers for stress analysis 


write Polaroid Corporation, Cambridge 39, 


For details, circle No. vard 


